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ALSIKE  CLOVER  is  most  at  home  in  northern  lati- 
tudes or  at  high  altitudes.    It  thrives  best  in  a 
cool,  moist  climate. 

In  the  Ohio  Valley  alsike  clover  is  especially 
adapted  to  low,  wet,  fertile  land.  On  such  land  it 
will  yield  heavy  crops  of  first-class  hay  and  will 
make  more  than  one  crop  in  a  season. 

This  crop  will  grow  on  "  sour"  land  on  which  red 
clover  will  not  thrive.  Where  it  is  not  possible  to 
apply  lime  and  so  insure  a  stand  of  red  clover,  alsike 
Clover  may  be  used. 

Mixed  with  red  clover  on  uplands,  alsike  clover  in- 
sures a  stand  on  spots  where  red  clover  does  not 
catch. 

Alsike  clover  is  used  mostly  in  mixtures  with  tim- 
othy or  other  grasses.  In  such  mixtures  it  improves 
the  hay  and  increases  the  yield.  The  grasses  serve 
to  support  the  clover  and  make  it  easier  to  cut  and 
cure. 

Alsike  clover  will  endure  overflow  that  would  kill 
most  crops.  It  has  been  known  to  grow  a  year  in 
water-soaked  and  water-covered  son  and  make  a 
heavy  growth.  In  the  South  it  is  recommended  for 
creek  bottoms  and  other  wet  lands. 

It  is  a  good  pasture  plant,  often  remaining  in  a 
permanent  pasture  for  many  years. 

It  is  a  good  clover  to  seed  in  swales  or  on  wet, 
natural  meadows.  It  volunteers  readily  and  will 
spread  in  such  places. 

Its  disadvantage's  are  that — 

(1)  On  uplands  alsike  clover  grows  short  and  does 
not  make  a  mass  of  growth  equal  to  that  of  red 
clover. 

(2)  Alsike  clover  makes  no  second  crop  except  on 
low,  rich  land. 

(3)  On  uplands  the  pasturage  after  cutting  for  hay 
or  a  seed  crop  is  too  small  to  be  useful. 

(4)  There  appears  to  be  some  dancer  to  horses  and 
mules  of  a  little-known  disease  said  to  result  from 
eating  alsike  clover. 


Contribution  from  the  Bureau  .of  Plant  Industry. 

Wm.  A.  Taylor,  Chief. 
Washington,  D.  C.  September,  1920. 
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UTILITY  OF  ALSIKE  CLOVER 

CLOVER  is  a  basic  crop  in  the  agriculture  of  the  greater  part  of 
the  Northeastern  States  and  as  far  west  as  the  Great  Plains. 
In  this  region  red  clover  is  the  standard  leguminous  rotation  crop, 
bat  there  are  soils  and  situations  in  which  red  clover  will  not  thrive. 
Low,  wet  land  and  soils  that  are  low  in  lime  content  or  have  been 
ran  down  by  long  and  unwise  cultivation  are  unsuited  to  red  clover. 
On  many  of  these  soils  alsike  clover^  can  well  replace  it.  Alsike 
clover  succeeds  better  than  red  clover  on  wet  land,  and  when  mixed 
with  red  clover  on  uplands  it  will  insure  against  failure  from  lack 
of  lime  or  other  unfavorable  soil  condition.  When  red-clover  seed 
is  extr^nely  high  in  price  ^Isike  clover  can  be  substituted  on  many 
soils.  The  seed  is  often  cheaper,  and  being  smaller  than  that  of  red 
clover  less  is  required  to  the  acre. 

HISTORY  OF  ALSIKE  CLOVER. 

Alsike  clover  is  a  native  of  northern  Europe  and  is  known  also  as 
Swedish  or  hybrid  clover.  The  names  alsike  and  Swedish  refer  to 
the  locality  and  to  tbe  country  from  which  this  plant  was  introduced 
into  England,  while  the  name  "  hybrid  clover  "  was  given  it  because 
it  was  thought  to  be  a  cross  between  red  and  white  clovers.  It  was 
named  TrifoUum  hyhridum  by  Linnaeus  in  1753,  as  he  too  believed 
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Fig.  1. — Alsike-clover  plant,  showing  the  habit  of  flowering ; 
the  oldest  flower  heads  below,  the  youngest  coming  out 
above.  The  older  flowers  are  reflexed ;  the  younger  ones 
erect 


in  the  hybrid  origin 
of  the  species.  In  its 
native  home  it  has 
been  cultivated  since 
early  in  the  tenth 
century,  but  it  was 
not  until  about  1834 
that  seed  was  brought 
to  England,  and  five 
years  later  the  edi- 
tors of  the  New  Gen- 
esee Fanner,  of  Roch- 
ester, N.  Y.,  brought 
some  seed  to  this 
country  and  distrib- 
uted it  to  the  readers 
of  that  paper.  In 
1854  a  distribution 
was  made  by  the 
United  States  Patent 
Office.  Doubtless 
there  were  other  im- 
portations. E  m  i  - 
grants  from  northern 
Europe  came  to  this 
country,  and  some  of 
them  are  known  to 
have  brought  alsike- 
clover  seed  with 
them.  An  Austrian 
named  Walenta,  who 
settled  in  Winneshiek 
County,  Iowa,  in  1854, 
brought  seed  of  alsike 
clover  with  him ; 
probably  other  set- 
tlers did  the  same. 


BOTANICAL  CHARACTERS  OF  THE  PLANT. 

Alsike  clover  is  perennial,  though  usually  treated  agriculturally  al 
a  biennial.  Many  smooth  stalks  come  from  the  crown,  and  they  beai 
smooth  leaves,  each  with  three  leaflets,  and  heads  of  flowers  partlj 
pink  and  partly  white.  In  many  heads  the  flowers  are  all  white ;  in 
others,  all  pink.  As  the  flowers  fade  they  bend  back  and  hang  down, 
(Fig.  1.)    Under  favorable  conditions  the  stalks  grow  3  to  5  feet  longj 
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but  on  drier  soil  they  may  not  become  more  than  18  inches  in  height 
Alsike  differs  from  red  clover  in  its  habit  of  growth.  In  red  clover 
the  main  axis  terminates  in  a  flower  and  thus  limits  the  growth. 
Branches  arise  from  the  leaf  axils  and  these  in  turn  are  terminated 
by  flowers.  In  alsike  clover  the  main  axis  keeps  on  growing.  Single 
flower-bearing  branches,  each  with  one  or  more  flower  heads,  arise 
successively  from  each  leaf  axiL  (Fig.  1.)  The  leafy  branches  may 
in  turn  keep  on  growing,  with  flower  heads  or  smaller  branches  in 
the  axil  of  each  leaf.  Thus,  in  red  clover  the  terminal  flower  head 
of  the  main  stem  or  of  a  branch  is  the  oldest  on  the  plant  or  branch, 
while  in  alsike  clover  the  terminal  flower  heads  are  the  last  formed, 
the  older  ones  being  successively  lower  on  the  stem.  While  in  red 
clover  the  flower  heads  are  not  borne  at  exactly  the  same  height  from 
the  ground,  there  is  no  great  difference  between  the  levels  to  which 
the  various  flower  heads  rise.  In  alsike  clover  the  stem,  however 
long,  may  bear  flower  heads  along  its  entire  length.  This  character 
is  important  not  only  from  the  standpoint  of  seed  production  but  in 
making  alsike  clover  fit  to  cut  for  hay  over  a  longer  period  than  in 
the  case  of  red  clover. 

CLIMATIC  ADAPTATION  AND  DISTRIBUTION. 

Alsike  clover  prefers  a  cool  climate.  Its  home  on  the  Scandinavian 
Peninsula  shows  that  it  is  fitted  to  withstand  cold  weather,  and  this 
is  confirmed  by  experience  in  this  country.  This  clover  withstands 
severe  winters  better  than  red  clover,  and  it  thrives  best  where 
the  summers  are  cooL  In  the  South  it  is  less  successful,  thriving 
only  where  an  abundance  of  moisture  enables  it  to  overcome  the  in- 
jurious effect  of  the  warm  smnmers.  The  geographical  distribution 
of  this  clover  in  the  United  States  is  roughly  that  of  the  timothy- 
dover  area.  (Fig.  2.)  Alsike  clover  is  very  generally  grown  in  the 
area  north  of  the  Ohio  and  Potomac  Rivers  and  as  far  west  as  the 
Dakota-Minnesota  boundary.  It  also  is  grown  in  Idaho  and  on  the 
Pacific  coast  of  Washington  and  Orejgon.  In  the  South  alsike  clover 
is  grown  to  a  limited  extent  in  Virginia,  Kentucky,  Tennessee,  and 
Missouri,  but  in  other  Southern  States  it  is  almost  unknown. 

SOIL  AND  MOISTURE  REQUIREMENTS. 

Alsike  clover  prefers  a  rather  heavy  silt  or  clay  soil  with  plenty  of 
moisture.  Although  it  will  thrive  on  good  loams,  it  usually  does 
not  do  well  on  dry,  sandy,  or  gravelly  soils.  A  rich,  moist  bottom  soil 
soits  it  best,  and,  on  such  soils  it  will  grow  luxuriantly.  It  responds  to 
an  application  of  lime,  but  is  not  as  sensitive  to  acidity  as  red  clover, 
tnd  can  be  successfully  grown  on  many  wet,  cold,  and  "  sour  "  soils 
on  which  red  clover  does  not  succeed. 
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Fio.  2. — Outline  map  of  the  United  States,  showing  roughly  the  area  in  which  alsike 
dOTer  is  grown.  The  black  area  shows  where  alsike  clover  is  more  or  less  regnlarlj 
used  as  a  forage  or  seed  crop ;  the  hatched  area,  where  it  is  rarely  grown  or  only  in 
flpedal  places. 

SEED,  SEEDING,  AND  COMPANION  CROPS. 

The  seeds  of  alsike  clover  are  small,  there  being  700,000  to  the 
pound.  This  is  more  than  twice  as  many  as  there  are  of  red-clover 
seed  in  a  pound.  The  color  of  the  seed  is  green  of  various  shades 
mixed  with  yellow.  With  age  the  color  becomes  darker,  and  very 
old  seed  may  be  brownish  green.  Seed  of  the  last  sort  is  not  fit  for 
planting. 

In  the  Northern  States  the  seed  is  usually  sown  in  early  spring, 
though  in  many  places  in  late  summer,  for  instance  in  New  Jersey, 
where  clover  seeding  often  follows  early  potatoes  or  cabbage  in  July 
and  August.  In  Indiana  and  Ohio  seed  is  sometimes  sown  in  corn 
at  the  last  working,  but  there  is  always  considerable  risk  connected 
with  this,  and  the  practice  can  not  be  recommended  save  in  exceptional 
circumstances.  Seeding  in  July  with  buckwheat  is  successfully  prac- 
ticed in  southern  Michigan,  but  this  method  is  not  general.  If  for 
any  reason  a  stand  is  not  secured  from  spring  seeding,  the  stubble 
|ield  may  be  disked  and  clover  seeded  in  late  July  or  August,  with  a 
fair  chance  of  success  unless  a  severe  drought  should  occur.  In  those 
parts  of  the  South  where  alsike  clover  is  used  it  is  commonly  seeded 
in  the  f  alL 

When  sown  in  spring  the  seed  is  either  broadcasted  on  winter  grain 
or  it  is  sown  with  spring  grain.  Seeding  on  winter  grain  is  usually- 
done  as  it  is  with  red  clover,  the  seed  being  broadcasted  when  the 
ground  is  checked  by  frosts  or  else  on  a  late  snowfall,  so  that  the 
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seed  njay  be  carried  into  the  ground  with  the  thawing  of  the  snow. 
When  seeded  with  spring-sown  grain  the  seed  bed  is  in  good  shape 
and  the  clover  can  be  most  advantageously  put  in  with  a  drill. 

There  being,  as  stated,  some  700,000  seeds  in  a  poimd,  every  pound 
of  seed  if  evenly  scattered  will  put  about  16  seeds  on  every  square 
foot  of  an  acre.  If  6  pounds  of  seed  are  evenly  scattered  there  will  be 
one  seed  on  every  1^  square  inches.  When  5  pounds  of  seed  are  drilled 
there  will  be  an  average  of  one  seed  every  half  an  inch  in  the  drill 
with  the  rows  4  inches  apart.  These  quantities  of  seed  will  make 
heavy  stands  if  not  more  than  half  the  seeds  finally  produce  plants. 
While  thicker  seeding  may  help  to  choke  out  weeds,  it  must  not  be 
forgotten  that  with  too  thick  seeding  a  certain  percentage  of  clover 
plants  will  also  be  smothered  out  and  much  seed  will  be  wasted. 

When  broadcasted  on  winter  grain,  rather  more  seed  should  be 
used  than  when  drilled,  as  much  of  it  will  be  wasted.  When  the 
soil  is  dry  enough  it  is  good  practice  to  harrow  in  the  broadcasted 
seed.  This  may  be  done  with  a  spring-tooth  weeder  or  with  a  spike- 
tooth  harrow  having  the  teeth  set  back.  Harrowing  will  rather 
benefit  the  grain  and  will  make  a  stand  of  clover  more  certain.  The 
use  of  a  drill  wherever  possible  is  urged.  It  will  save  seed,  and  the 
seed  being  put  into  the  ground  at  a  proper  and  uniform  depth  the 
seedlings  will  have  a  better  chance  to  grow  and  the  stand  will  be 
better.  Care  should  be  taken  not  to  seed  to  deeply.  On  heavy  soil 
one-half  inch  and  on  light  soil  an  inch  is  deep  enough.  On  poor 
or  on  run-down  soil  care  is  especially  important,  and  broadcasting 
the  seed  on  such  soil  when  checked  by  frost  or  on  snow  is  too  risky 
to  be  reconmiended ;  it  should  be  drilled  or  harrowed  in.  For  success 
a  good  seed  bed  is  important.  It  should  be  firm,  but  fine  on  top,  so 
that  the  young  plants  may  be  well  supplied  with  moisture. 

While  the  methods  to  be  employed  to  get  a  good  stand  of  alsike 
dover  will  differ  with  the  locality  and  will  depend  on  soil  and  climate, 
the  principles  involved  are  simple  and  can  be  briefly  stated.  To 
grow  the  seed  needs  warmth,  air,  and  moisture,  and  to  thrive  the 
plants  must  have  food,  light,  warmth,  air,  and  moisture.  Seed  may 
be  sown  so  early  that  the  young  seedlings  which  have  started  during 
some  early  warm  days  are  killed  by  a  late  frost,  but  this  does  not 
happen  often.  A  more  frequent  cause  of  the  loss  of  a  seeding  is 
dry  or  hot  weather  after  grain  harvest.  Before  grain  harvest  the 
young  clover  plants  have  to  compete  with  the  grain  for  moisture,  and 
the  grain  also  shades  the  clover,  which  keeps  it  weak.  While  the 
grain  tends  to  keep  down  the  weeds  and  so  serves  a  useful  purpose, 
it  also  keeps  down  the  clover,  and  when  the  grain  crop  is  heavy  the 
clover  may  easily  be  smothered  out  along  with  the  weeds.  When  the 
season  is  dry,  the  grain  gets  the  larger  share  of  the  moisture  and  the 
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clover  suffers  in  severe  cases  so  badly  that  the  young  plants  die. 
Loss  from  drought  is  naturally  greater  on  sandy  soils  and  on  run- 
down soils,  as  neither  of  these  contains  much  organic  matter.  Organic 
matter  helps  a  soil  to  hold  moisture,  and  soils  with  little  organic  mat- 
ter tend  to  lose  moisture  rapidly.  If  clover,  then,  is  seeded  in  spring 
on  a  run-down  soil,  on  winter  grain  or  with  oats,  the  grain  will  get 
what  moisture  there  is,  and  in  a  dry  season  the  result  may  be  the 
failure  of  the  clover  to  make  a  stand.  On  rich  or  moist  soils  or  in  a 
wet  season  there  will  be  moisture  enough  for  both  grain  and  clover. 

It  remains,  then,  for  each  farmer  to  decide  for  himself  whether  on 
a  piece  of  run-down  land  he  wants  to  get  a  crop  of  grain  or  one  of 
clover.  For  the  good  of  the  land,  of  course,  the  clover  should  have 
first  consideration,  and  the  chances  for  the  clover  will  be  much  better 
with  a  light  than  with  a  heavy  grain  crop.  It  may  not  be  advisable 
to  omit  the  companion  grain  crop  entirely,  but  the  seeding  should  be 
reduced,  or  a  companion  crop  should  be  selected  that  is  least  hard 
on  the  clover.  As  a  winter  grain  rye  is  usually  better  than  wheat, 
since  it  does  not  shade  the  ground  so  much  and  comes  off  earlier.  If 
oats  are  used,  an  early  variety  is  better  than  a  late  one.  Further,  it 
is  often  better  to  sow  1  bushel  of  oats  than  to  sow  2,  and,  lastly, 
if  the  season  turns  dry  it  is  better  to  cut  the  grain  in  the  dough  stage 
for  hay  than  to  allow  it  to  ripen  for  grain.  Often  if  the  oats  are 
cut  early  for  hay  a  light  cutting  of  alsike-clover  hay  may  be  taken 
the  same  year.  The  object  should  always  be  to  leave  sufficient  mois- 
ture for  the  young  clover  plants,  especially  at  the  critical  time  just 
after  the  removal  of  the  companion  crop. 

Alsike  clover  is  seldom  seeded  alone  unless  a  seed  crop  is  wanted- 
Usually  it  is  seeded  with  timothy,  with  red  clover,  or  with  both.  A 
common  practice  is  to  sow  timothy  in  the  fall  and  to  sow  alsike  alone 
or  alsike  and  red  clover  in  the  spring.  Rather  more  seed  of  timothy 
and  red  clover  than  of  alsike  clover  is  then  used,  a  common  formula 
being  alsike  clover,  1  part;  red  clover,  1  to  2  parts;  timothy,  2  to  3 
parts.  The  same  ratios  usually  obtain  when  alsike  clover  is  seeded 
with  timothy  alone  or  with  red  clover  alone,  8  to  12  pounds  of  such  a 
mixture  per  acre  being  generally  used. 

INOCULATION. 

In  order  to  use  the  nitrogen  of  the  air,  alsike  clover,  as  is  the 
case  with  all  legumes,  must  be  infected  with  the  appropriate  nodule- 
forming  bacteria.  Fortunately,  these  are  so  widely  distributed  that 
they  are  present  on  most  clover  land.  On  new  land  they  may  be 
wanting,  especially  on  burned-over  land  and  on  newly  drained 
marsh  land.  In  such  cases  the  seed  should  be  inoculated.  This  may 
be  done  by  scattering  soil  from  a  field  on  which  white,  red,  alsike. 
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or  crimson  clover  has  made  a  good  growth  or  by  applying  a  pure 
culture  of  the  proper  bacteria  to  the  seed.  If  soil  is  used,  it  should 
be  spread  on  a  cloudy  day  or  in  the  evening  and  immediately  har- 
rowed in,  as  the  bacteria  are  killed  by  sunlight.  Pure  cultures 
dnmld  be  used  according  to  the  du'ections  furnished  with  them.  An 
important  point  is  to  keep  the  seed  in  the  shade  while  drying. 

USES. 

ALSIKB  CLOVER  AS  A  HAY  CROP. 

Alsike  clover  makes  the  best  quality  of  hay ;  better,  indeed,  than 
red  clover,  though  where  conditions  are.  favorable  for  red  clover, 
the  latter  will  yield  more  hay  than  alsike  clover.  In  1916  a  bunch 
of  alsike-clover  hay  took  the  first  prize  at  the  Iowa  State  Fair 
(fig.  3).  Chemical  analysis  shows  that,  so  far  as  the  composition  of 
die  hay  is  concerned,  there  is  not  much  difference  between  red  clover 
and  alsike  clover. 

Table  I  ^  gives  the  quantities  of  digestible  food  materials  in  100 
pounds  of  hay. 

Table  1. — Quantities  of  digeatihle  materials  in  100  pounds  of  alsike-clover  and 

redrclover  hay. 


Kind  of  bay. 

matter. 

Protein. 

Carbo. 
hydrates. 

Fuel 
Pat.         val'ie 
(calories). 

Baddover 

84.7 
90.3 

7.38 
8.16 

38.15 
41.70 

1.81  1       92,324 

AtAsdavn- .    

1.36          98,460 

From  this  table  it  will  be  seen  that  in  equal  quantities  of  alsike 
and  red-clover  hay  the  alsike  clover  contains  more  digestible  protein 
and  has  a  higher  fuel  value  than  the  red-clover  hay.  In  certain  tests 
of  the  feeding  value  of  hays  carried  on  by  the  Montana  Agricultural 
Experiment  Station  in  1911  it  was  found  that  sheep  fed  on  alsike 
clover  made  1  pound  of  gain  for  6.32  pounds  of  hay  consumed  and 
those  fed  on  red  clover  1  pound  of  gain  for  6.43  pounds,  while  those 
fed  on  alfalfa  made  1  pound  for  6.58  pounds  of  hay  <!onsumed. 
While  the  advocates  of  alsike  clover  do  not  contend  that  it  makes 
a  better  hay  than  alfalfa,  good  alsike-clover  hay  is  certainly  equal  to 
the  best  and  is  better  than  most  hays,  and  there  are  soils  and  situa- 
tions where  this  clover  will  outyield  any  other  crop  of  its  kind. 
Then,  too,  the  alsike  clover,  being  a  smooth  plant,  makes  a  cleaner, 
less  dusty  hay  than  red  clover. 

Alsike  clover  has  some  advantage,  moreover,  in  being  finer 
stemmed.    There  is  not  so  much  waste  as  in  red  clover,  as  stock  clean 

>  From  Farmers'  Bolletin  22»  United  States  Department  of  Agricultore. 
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I  it  up  better.  Many 
dairymen  consider  it 
the  best  of  hay,  and 
it  is  noticeably  most 
popular  in  the 
Northeastern  and 
New  England 
States,  where  it 
thrives  best  and  is 
best  known.  Un- 
fortunately, except 
in  the  Montana  trial 
already  quoted, 
there  is  no  record 
of  any  definite  tests 
having  been  made 
with  alsike  -  clover 
.  hay  as  compared 
with  red-clover  hay. 
This  is  possibly 
owing  to  the  fact 
that  alsike  clover 
for  hay  is  so  rarely 
grown  alone.  Some 
farmers  claim  that 
the  hay  has  not  as 
much  feeding  value 

Pia.  8.— Well-cured  alaike  clover  makes  hay  equal  to  any.  ^^  ^^^^  ^^  ^^^ 
The  bunch  of  hay  shown  took  the  first  prize  at  the  Iowa  clover,  b  U  t  the 
State  Fair.  ^^:«Ui.     ^U    ^^;,>:^»» 

weight  or  opmion 
as  well  as  tlie  inference  which  may  be  drawn  from  its  chemical  com- 
position, as  shown  in  Table  I,  does  not  support  such  a  view. 

Because  of  its  weak,  slender  stems,  alsike  clover  usually  should 
not  be  seeded  alone  for  hay.  When  in  a  pure  stand,  especially  on 
moist  or  wet  land,  the  stems  mat  together  and  the  plants  are  difficult 
to  cut.  Sown  with  timothy  or  with  red  clover,  the  weaker  stems^of 
alsike  clover  are  supported  by  the  more  upright  ones  of  the  red 
clover  and  of  the  timothy,  and  the  alsike  clover  acts  as  a  filler,  mak- 
ing the  stand  thicker  below  and  thus  adding  materially  to  the  weight 
of  hay  cut.  Alsike  hay  is  greener  than  that  of  red  clover,  and  unless 
the  stand  is  extremely  thick  it  cures  more  readily.  When  the  stand 
is  thick,  as  it  is  apt  to  be  on  low,  rich  land,  it  may  be  necessary  to  do 
some  handwork  in  turning  it,  in  addition  to  using  a  tedder.  A  suc- 
cessful alsike  grower  in  Colorado  allows  the  cut  clover  to  lie  in  the 
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sun  for  1^  days,  then  turns  it  in  small  windrows,  and  puts  it  in  the 
stack  in  the  afternoon  of  the  third  day.  This  grower  gets  heavy 
yields  on  sandy  land  under  irrigation.  It  is  important  in  handling 
this  dover  not  to  let  it  get  too  dry,  because  then  the  leaves  and  heads 
break  off  and  the  value  of  the  hay  is  much  reduced.  It  has  been 
noted  that  alsike  clover  when  cut  will  endure  without  serious  injury 
a  wetting  that  would  ruin  red  clover. 

ALSIKE  CLOVER  WITH  RED  CLOVER  OR  TIMOTHV. 

Alsike  clover  is  seldom  grown  alone  for  hay.  Except  when  grown 
especially  for  the  seed  crop  it  is  almost  always  mixed  with  either  red 
clover  or  timothy,  mostly  the  latter,  or  even  more  often  with  red 
clover  and  timothy.  The  use  of  alsike  clover  in  mixtures  has  in- 
creased of  late  years  wherever  it  has  been  difficult  to  get  a  stand  of 
red  clover.  At  present  in  many  of  the  Northern  States  alsike  clover 
is  sown  on  probably  75  per  cent  of  the  clover  and  timothy  acreage. 
When  equal  parts  of  alsike  and  red  clover  are  seeded  there  is  more 
alsike  than  red  clover  in  the  stand ;  when  the  quantity  of  alsike  is 
half  that  of  red  clover,  the  quantity  of  each  in  the  stand  is  about  the 
same. 

Timothy  and  alsike  clover  together  make  an  exceptionally  good 
hay.  The  alsike  clover  cures  to  the  same  color  as  timothy,  and 
the  timothy  helps  to  keep  the  clover  from  packing  when  cut,  so 
that  it  is  more  airy  in  the  swath  and  cures  better  and  quicker 
than  pure  alsike.  With  good  weather  conditions  such  mixed  hay  will 
be  ready  to  rake  and  stack  about  a  day  after  cutting.  On  rich, 
moist  land  it  13  especially  important  that  the  alsike  clover  be  seeded 
with  timothy  or  with  some  other  grass,  such  as  redtop,  as  on  such 
land  the  clover  grows  very  rank,  with  long  stems  that  mat  together 
when  grown  alone  and  lie  on  the  moist  surface  of  the  soil.  Under 
such  conditions  the  lower  leaves  decay  and  some  of  the  flower  and 
seed  heads  also  partly  decay.  This  moldy,  partly  decayed  vegetable 
matter  may  get  with  the  hay  or  be  eaten  in  the  pasture.  Though 
there  is  no  direct  evidence  for  the  view,  it  is  not  impossible  that  some 
of  the  bad  effects  reported  as  having  followed  pasturing  on  alsike 
clover  may  have  been  due  to  moldy  feed.  This  may  be  avoided  by 
seeding  the  alsike  clover  with  oqe-half  or  one-third  timothy  to  hold 
it  up.  In  many  sections  of  the  United  States  mixed  timothy  and 
alsike  hay  sells  for  the  same  price  as  pure  timothy,  provided  the 
proportion  of  alsike  is  not  more  than  12  to  15  per  cent.  An 
equal  quantity  of  red-clover  hay  would  discolor  the  whole  and 
reduce  the  grade. 

Rate  of  seeding  in  mixture  with  red  clover  and  timothy. — The  rates 
of  seeding  mixtures  of  alsike  -with  red  clover  and  timothy,  either 
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or  both,  vary  in  different  sections.    Table  II  gives  some  of  the  for- 
mulas that  are  in  use  in  the  States  named. 


Table  II. — Proportions  of  alsike 

tures 

Clover,  red  clover,  and  timothy  used  in  mix- 
in  various  States. 

State. 

Rates  of  seeding  per  acre 
(pounds). 

Remarks. 

clover. 

Red 
clover. 

Timo- 
thy. 

""nofi 

2 

4 
4 
2 
2 
2 
4-« 
7 
6 
16 
5 
6 
1 
4 
4 
6 
4 
1 
5 
5 
7 
4 

2 

4 
6 
4 
2 
6 
8 
4 
4 
4 
8 
2 
4 
6 

10 

4 
4 
6 

8 
20 

Do 

Illinois  experiment  station  for  hay. 

dS::::::::::::::::::::::::::: 

Do 

.. 

TndJana . 

Do! .. 

2 

Maine 

Do 

8 
6 
15 
5 
6 

Do 

Do 

Preparation  for  potatoes. 

Do:::::::::::::::::::::::::: 

20 
10 
9 

Maryland 

Michigan 

Do .  .. 

8 
12 
6 
8 

4 
5 

Do 

Do::::::::::::::::::::::::::. 

Do 

8 
8 
5 
10 
4 
12-14 
9-12 
16 
8 
10 
12 
11 
16 
8 

Mhm4«otft 

Do 

Do.::::              ::::: 

Do 

4 

New  York 

ThiB  \9  ft  C\>f^*^OTi  mixtiii^. 

Do 

»-4 
6 
8 

Do.                                       . 

Do....  ...    .      

Do..::::::::::::::::::::::::. 

Do 

4 

4-« 
6 

Do::::::::::::::::::::::::::: 

Pennsylvania                          .  ^ . . 

Sow  24  pounds  of  miztm-e  per  acre. 

Do 

Do 

12 
5 
5 

Vermont 

Do 

15 
10 
2 

4 
1 

Wisconsin 

Do 

6-8 
4 

1 

Do 

D©::::::::::::::::::::::::::: 

Time  to  cut  in  mixtiure  with  red  clover  and  timothy. — ^The  best 
time  to  cut  alsike  clover  for  hay  is  when  it  is  in  full  bloom.  (Fig.  4.) 
It  blooms  irregularly,  and  when  the  field  as  a  whole  is  in  full  bloom 
there  will  be  many  heads  with  seed  which  is  already  ripe.  Fortu- 
nately, the  fine  stems  of  alsike  clover  do  not  get  hard  as  quickly  as 
the  stems  of  red  clover.  They  keep  on  growing  and  blooming  as  the 
lower  flower  heads  mature,  and  consequently  good  hay  may  be  made 
within  a  range  of  several  days.  When  a  grower  wants  seed  as  well 
as  hay  the  field  may  be  allowed  to  become  a  little  more  nearly  mature. 
Both  good  hay  and  a  fair  seed  crop  may  then  be  secured.  When 
grown  in  mixture,  especially  with  timothy  (fig.  5),  this  characteristic 
of  remaining  good  for  some  days  is  especially  valuable.  There  is  a 
wide  range  of  expressed  opinion  as  to  whether  alsike  clover  ripens  for 
hay  at  the  same  time  as  timothy.  The  United  States  Department  of 
Agriculture  has  on  file  many  reports,  among  which  some  farmers  in 
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the  Central  States  claim  that  it  ripens  with  timothy  and  others  that 
it  ripens  before  timothy.  This  difference  is  perhaps  due  to  a  varia- 
tion in  the  conception  as  to  the  time  when  the  clover  is  in  the  best 
stage  to  cut.  If  it  is  to  be  cut  before  any  heads  are  ripe  it  will  doubt- 
le^  be  ready  before  timothy,  but  it  will  also  remain  in  good  condition 
to  cut  after  a  few  of  the  lower  heads  contain  ripe  seeds  and  in  that 
case  usually  will  be  ready  for  harvest  with  timothy.  It  is  not  de- 
sirable, however,  to  allow  alsike  clover  to  get  too  ripe,  as  the  presence 
of  much  ripe  seed  is  said  to  be  one  cause  of  the  slobbering  of  horses 
fed  on  the  hay.    When  seeded  with  red  clover  the  hay  will  be  at  its 


Pia.  4. — Alsike  clover  in  New  York,  ready  to  cut. 

best  if  cut  when  the  red  clover  is  in  full  bloom.  Alsike  when  sown 
with  red  clover  improves  the  quality  of  the  hay,  besides  thickening 
up  the  lower  parts  of  the  stand  and  thus  adding  materially  to  the 
yield.  A  mixtiu:*e  of  alsike  and  red  clovers  is  said  to  yield  a  greater 
weight  of  hay  than  either  variety  alone. 

ALSIKE  CLOVER  IN  OTHER  MIXTURES. 

Besides  the  mixture  of  alsike  clover,  red  clover,  and  timothy,  which 
is  by  far  the  most  common  one  in  use,  various  other  mixtures  are  rec- 
(munended  for  different  situations  and  sections.  The  Illinois  Agri- 
cultural Experiment  Station  suggests  for  pastures  sweet  clover,  4 
pounds;  alsike  or  red  clover,  4  pounds;  timothy,  2  pounds.  A  com- 
mon mixture  is  alsike  clover,  timothy,  and  redtop,  this  mixture  be- 
ing used  on  rather  "  sour ''  soils  on  which  the  timothy  fails  to  last 
long.  Kentucky  bluegrass  is  sometimes  added  to  the  mixture,  espe- 
cially when  it  is  designed  to  pasture  the  meadow  after  a  year  or  two. 
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A  mixture  of  10  pounds  of  redtop  and  5  pounds  of  alsike  is  especially 
valuable  for  its  ability  to  produce  profitable  yields  on  heavy,  wet 
land.  It  is  of  most*  importance  for  hay,  although  the  aftergrowth 
will  also  furnish  considerable  pasturage.  More  elaborate  mixtures, 
used  to  some  extent,  are  mentioned  below. 

The  Ohio  Agricultural  Experiment  Station  suggests  for  the  north- 
eastern part  of  the  State  5  pounds  of  red  clover  and  3  pounds  each  of 
alfalfa  and  alsike  clover.  In  many  places  the  clover  and  alfalfa  are 
seeded  together.  In  western  New  York  the  writer  has  seen  such  a 
field  when  the  alsike  clover  had  made  a  heavy  growth  and  no  alfalfa 
plants  could  be  found.  (Fig.  6.)  However,  after  the  clover  was 
cut  the  alfalfa  came  on  well  and  made  a  good  stand. 


Fio.  5. — Alsike  clover  and  timothy,  ready  to  cut 

In  Montana  and  Minnesota  alsike  clover  is  sometimes  seeded  with 
brome-grass  for  pasture. 

The  Idaho  Agricultural  Experiment  Station  recommends  the  fol- 
lowing for  irrigated  pastures  in  that  State:  Redtop,  8  pounds; 
timothy,  8  pounds;  meadow  fescue,  6  pounds;  and  alsike  clover,  4 
pounds. 

On  the  Pacific  coast  rye-grass  forms  part  of  a  mixture  with  alsike 
clover.  In  Humboldt  County,  Calif.,  a  mixture  of  4  pounds  each  of 
alsike  clover,  red  clover,  timothy,  orchard  grass,  and  rye-grass  is 
used. 

In  Virginia  a  mixture  of  alsike  clover  with  orchard  grass,  tall 
meadow  oat-grass,  redtop,  and  white  clover  is  said  to  give  good 
results. 

In  Missouri  certain  farmers  think  highly  of  a  mixture  consisting 
of  5  pounds  each  of  alfalfa,  meadow  fescue,  and  orchard  grass  with 
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3  pounds  of  alsike  and  2  pounds  of  timothy.  This  can  be  pastured 
till  June  1  and  later  cut  for  hay.  This  mixture  is  seeded  with  1 
bushel  of  oats  as  a  companion  crop  and  is  pronounced  a  success. 
Another  favorite  mixture  in  the  South  is  orchard  grass,  10  pounds ; 
perennial  rye-grass,  5  pounds;  redtop,  3  pounds;  and  alsike  clover, 

4  pounds.  The  Arlington  mixture  of  20  poimds  of  tall  oat-grass, 
10  pounds  of  orchard  grass,  and  4  pounds  of  alsike  clover  has  been 
successfully  used  as  a  mixture  for  hay  in  sections  south  of  the  timo- 
thy region.  , 

The  Tennessee  Agricultural  Experiment  Station  has  suggested,  a 
mixture  of  5  pounds  each  of  orchard  grass  and  tall  meadow  oat-grass 
and  4  pounds  each  of  redtop  and  alsike  clover. 

The  seeding  of  alsike  clover  with  orchard  grass  is  not  uncommon 
in  the  South,  especially  in  Kentucky.  In  Franklin  County,  Ky., 
orchard-grass  seed  is  harvested,  and  there  alsike  clover  is  frequently 
seeded  with  the  orchard  grass.  If  all  hay  is  wanted  the  entire  crop 
is  cut  when  the  clover  is  in  full  bloom.  At  this  time  the  orchard- 
grass  seed  is  not  yet  ripe  and  the  grass  is  tender,  making  an  excellent 
hay.  In  that  section  alsike  clover  gets  overripe  before  timothy  is 
ready  to  cut,  but  orchard  grass  replaces  the  timothy  very  satisfac- 
torily. When  the  orchard  grass  is  wanted  for  seed  it  may  be  cut 
high  above  the  clover  with  a  binder.  After  the  little  shocks  are  set 
in  rows,  four  or  five  together,  the  mowers  may  follow  and  cut  a  fine 
lot  of  hay  consisting  of  alsike  clover  and  the  lower  parts  of  orchard 
grass. 


Fig.  6. — A  heavy  growth  of  alsike  clover  in  New  York.    The  alfalfa  In  this  field  came 

on  later  to  a  good  stand. 
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ALSIKB  CLOVER  AS  A  PASTURE  PLANT. 

Alsike  clover  is  especially  suited  for  use  in  pasture  mixtures.  Its 
vigorous  growth  enables  it  to  hold  its  own  against  the  competition 
of  other  plants,  and  its  persistence  in  seeding  provides  for  its  con- 
tinuance. For  permanent  pasture  on  low  or  "  sour "  land  alsike 
clover  is  especially  valuable  and  may  be  used  alone  or,  better,  with 
redtop.  In  the  South,  where  this  clover  is  little  used  for  hay,  it  has 
proved  valuable  as  a  part  of  the  permanent  pasture  mixture  on  bot- 
tom lands.  The  many  creek  and  river  bottoms  in  the  South  which 
are  hard  to  work  because  too  wet  to  plow  in  spring  or  because  of 
occasional  floods,  could  be  seeded  profitably  to  a  mixture  of  alsike 
clover  and  redtop.  Where  the  clover  has  been  used  in  this  way  it 
has  given  a  good  account  of  itself,  having  been  grazed  the  entire 
simmier  without  damage. 

In  the  North,  alsike  clover  is  conmionly  seeded  with  timothy  and 
red  clover  for  pasture  as  well  as  for  hay.  While  in  the  course  of  a 
rotation  the  fields  are  usually  plowed  after  3  to  6  years,  cases  are 
known  of  alsike  clover  having  been  pastured  over  12  and  as  many  as 
30  years.  When  it  is  grazed  or  cut  early  it  at  once  sends  out  new 
branches,  and  these  will  produce  flowers  and  mature  seed  when  not 
more  than  a  few  inches  long;  in  this  way  the  ground  is  constantly 
full  of  seed  and  the  pasture  keeps  in  good  shape.  Alsike  clover  in 
pasture  is  also  more  hardy  than  red  clover;  it  will  withstand  more 
trampling  than  red  clover  and  does  not  heave  out  as  readily.  In 
Missouri  it  has  been  found  especially  valuable  on  rocky  hillsides  and 
on  flinty  land ;  there,  where  red  clover  will  not  thrive  alsike  clover 
mixed  with  orchard  grass  makes  good  pasture.  This  quality  of  en- 
during close  grazing  and  trampling  also  makes  it  valuable  for  hog 
pasture.  In  Nebraska,  a  mixture  of  brome-grass  and  orchard  grass 
with  alsike  clover,  the  latter  constituting  75  per  cent  of  the  mixture, 
is  used  and  highly  regarded  as  hog  pasture  and  is  said  to  be  next  to 
alfalfa  in  quality.  If  the  pasture  is  intended  to  be  permanent  it 
must  not  be  grazed  too  closely.  The  plants  should  have  a  chance  to 
make  seed,  as  the  old  roots  will  die  in  two  or  three  years  and  the 
continuance  of  the  pasture  will  depend  on  the  seed  that  has  fallen. 

Besides  its  use  in  permanent  pastures,  meadows  containing  alsike 
clover  are  pastured  before  or  after  haying,  and  fields  intended  for 
seed  are  often  pastured  until  late  May  or  early  June.  On  rich  land 
alsike  clover  tends  to  grow  very  long,  with  few  branches.  If  such  a 
field  is  pastured,  the  plants  put  out  many  branches-  and  the  number  of 
heads  and  consequently  the  seed  crop  may  be  very  greatly  increased. 
On  poor,  dry  soils  it  is  not  advisable  to  pasture  before  a  seed  crop,  as, 
if  the  season  should  turn  dry,  the  plants  will  not  recover  enough  to 
make  a  profitable  crop  of  seed. 
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A  field  seeded  to  alsike  clover  and  timothy  may  be  pastured  ad- 
vantageously in  the  spring  if  the  land  is  rich.  Under  such  conditions 
the  alsike  clover  makes  such  rapid  growth  that  it  smothers  out  the 
timothy.  In  the  North  if  the  field  is  pastured  from  the  middle  of 
April  through  the  first  week  in  May  the  alsike  clover  will  be  held  back 
until  the  timothy  has  made  a  start,  and  after  this  the  two  come  on 
more  evenly  and  the  timothy  supports  the  clover.  After  haying,  the 
aftermath  mAy  be  pastured,  but  on  soils  not  favorable  to  alsike  clover 
there  will  be  little  of  this  plant  left  after  haying.  On  good  soil,  how- 
ever, there  is  no  lack  of  aftergrowth. 

A  farmer  in  Racine  Coimty,  Wis.,  in  1916,  cut  100  loads  of  alsike- 
clover  hay  from  35  acres,  and  in  two  months  after  haying  the  cattle 
pastured  on  this  field  produced  cream  that  soldf for  a  little  more  than 
$400.  In  Washington  a  similar  practice  is  followed ;  the  meadows  are 
pastured  until  May  6  to  10,  hay  is  cut  the  middle  or  end  of  July,  and 
then  the  fields  are  pastured  again.  One  farmer  in  that  State  pastures 
three  times  in  one  season,  closing  the  field  about  three  weeks  between 
pa^urings.  When  alsike  clover  and  timothy  are  sown  with  a  grain 
companion  crop  there  is  often  good  pasturage  on  the  stubble  after 
harvest.  If  the  season  is  favorable,  the  clover  will  stand  some  pas- 
turing, but  this  should  not  be  continued  too  long,  as  a  good  growth  of 
the  clover  is  desirable  if  it  is  to  go  through  the  winter  successfully. 
In  sections  where  the  snow  is  likely  to  blow  it  is  not  advisable  to  pas- 
ture the  stubble,  because  the  tramplingof  the  cattle  knocks  the  stubble 
down  and  thus  lessens  the  protection  the  clover  will  receive  from 
the  snow. 

ALSIKE  CLOVER  IN  NATURAL  MEADOWS. 

Alsike  clover  is  often  sown  on  natural  meadows,  especially  when 
these  are  wet  or  can  be  irrigated.  Such  meadows  are  not  uncommon 
in  parts  of  the  West  and  Northwest,  and  on  such  lands  the  clover 
may  either  grow  with  the  native  grasses  or  may  run  them  out,  mak- 
ing a  nearly  pure  alsike  meadow.  Methods  for  getting  a  stand  of 
dover  on  these  lands  differ,  but  it  is  usually  not  necessary  to  plow. 
On  irrigated  land  the  natural  meadow  may  be  disked  or  harrowed 
several  times  with  a  heavy  spike-tooth  harrow.  The  broadcasted 
seed  will  start  readily  after  irrigation,  and  the  clover  will  make  a 
large  part  of  the  hay.  On  sparsely  grassed  irrigable  land  alsike- 
dover  seed  may  even  be  put  in  without  any  working.  Plenty  of 
water,  ^lough  to  keep  the  ground  looking  wet,  should  be  given 
until  the  plants  are  well  established.  After  it  is  well  established 
the  clover  will  endure  some  drought,  but  does  best  with  plenty  of 
water.   A  method  successfully  used  by  a  farmer  in  Ottertail  County, 
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Minn.,  seems  to  be  suitable  for  use  under  similar  conditions  else- 
where. The  land  is  a  natural  wet  meadow,  so  wet  that  work  must  be 
done  before  frost  is  out  of  the  ground  and  even  at  harvest  time 
part  of  the  crop  must  be  cut  by  hand.  In  the  fall,  before  snow 
comes,  a  heavy  coat  of  barnyard  manure  is  put  on  the  land  and  left 
just  as  it  comes  from  the  manure  spreader  until  spring.  While  the 
ground  is  still  frozen  this  manure  is  cut  up  by  dragging  a  number 
of  times.  The  seed  is  then  sown,  using  one  part  of  timothy  to  two 
of  alsike  clover  and  seeding  8  to  10  pounds  of  the  mixture  per  acre. 
This  plan  has  been  found  to  kill  the  native  grasses  and  to  establish 
a  good  timothy-clover  meadow. 

At  high  altitudes  alsike  clover  does  very  well.  It  seems  par- 
ticularly adapted  to*high,  fertile  mountain  valleys,  often  coming 
as  a  volunteer  into  the  natural  meadows  and  quickly  making  up  the 
greater  part  of  the  hay  crop. 

ALSIKE  CLOVER  IN  SLOUGHS. 

Sloughs  and  swales  are  present  on  many  farms  and  are  often 
waste,  unsightly  places,  covered  with  marsh  grasses  and  sedges. 
When  such  places  are  not  actually  swampy,  alsike  clover  can  be 
advantageously  introduced  and  will  improve  the  wild  hay  or  may 
even  run  the  wild  grasses  out  and  occupy  the  ground.  Whenever 
possible,  the  wild  growth  should  be  killed  or  somewhat  suppressed  by 
pasturing  or  plowing,  but  this  is  not  absolutely  necessary.  The 
better  the  conditions  are  made  the  more  likelihood  there  is  for  a 
successful  stand,  but  if  no  preparation  can  be  made  it  is  still 
advisable  to  take  a  chance  and  sow  alsike-clover  seed  among  th« 
wild  growth  in  early  spring. '  Burning  off  the  wild  growth  before 
seeding  is  a  good  plan.  Many  cases  are  known  where  this  has 
resulted  in  a  stand  that  increased  until  the  alsike  clover  caused  the 
wild  grasses  to  lodge  and  finally  killed  them.  In  the  course  of  years 
bluegrass  is  likely  to  come  in,  especially  if  the  drainage  is  improved, 
and  may  in  time  run  out  the  alsike  clover. 

ALSIKE  CLOVER  ON  OVERFLOWED  LANDS. 

Alsike  clover  is  especially  valuable  on  wet  lands,  not  only  because 
it  will  grow  best  where  there  is  plenty  of  water,  but  because  it  will 
endure  a  certain  amount  of  overflow  without  damage.  No  definite 
statements  can  be  made  in  regard  to  the  length  of  time  alsike  clover 
can  be  overflowed,  especially  at  different  stages  of  growth,  but  the  ex- 
perience of  bottom-land  farmers  in  widely  separated  sections  has 
shown  that  a  1-year-old  stand  may  remain  under  water  for  several 
days,  or  in  winter  and  early  spring  even  for  several  weeks,  without 
being  killed.    More  damage  is  done  when  the  entire  plant  is  covered 
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than  when  merely  2  or  3  inches  of  water  stand  on  the  field,  but  stands 
of  this  clover  are  known  to  have  survived  being  under  2  feet  of  water 
in  spring.  Sometimes  the  stand  is  killed,  but  the  seed  that  has  fallen 
germinates  promptly  when  the  water  drains  off,  and  a  fair  crop  is 
made,  or  the  plants  may  not  be  killed,  but  the  crop  of  hay  or  of  seed 
for  the  season  may  be  lost.  This  ability  of  alsike  clover  to  live  or  to 
thrive  on  lands  liable  to  overflow  several  times  in  a  season  makes  it 
a  plant  especially  to  be  recommended  for  such  lands.  One  farmer 
in  southern  Indiana  had  a  stand  of  alsike  clover  on  bottom  land  that 
was  flooded  for  the  last  three  weeks  of  May,  1918.  The  clover,  which 
was  in  bloom,  was  completely  under  water  for  a  week.  The  crop 
was  ruined,  but  after  removing  the  debris  new  growth  came  from  the 
crowns  and  in  May,  1919,  there  avhs  a  perfec^t  stand.  When  the  over- 
flow comes  in  March  or  early  April  the  crop  has  been  known  to  be 
under  w  ater  for  several  weeks  without  damage. 

At  the  experiment  grounds  of  the  United  States  Department  of 
Agriculture  at  Arlington,  Va.,  alsike  clover  was  seeded  in  paraffined 
wire  baskets  in  Jime,  1918.  These  baskets  were  sunk  in  large  tiles 
made  water-tight  and  deep  enough  to  allow  for  4  inches  of  water 
above  the  rim  of  the  pots.  One  series  was  flooded  as  soon  as  the 
seedlings  were  2  or  3  inches  high,  so  that  the  young  plants  were 
completely  covered.  The  other  series  was  left  under  natural  con- 
ditions. The  clover  grew  in  the  flooded  pots,  so  that  soon  the  stems 
and  leaves  were  above  water.  Part  of  this  series  was  left  continu- 
ously flooded  from  June,  1918,  to  May  22,  1919,  at  which  time  the 
flooded  plants  had  made  very  much  more  growth  than  those  not 
flooded.     (Fig.  7.) 


Pio.  7. — Alrike  clover  will  endure  much  wet  The  plant  at  the  right  has  been  growing 
In  a  pot  completely  submerged  In  water  for  a  year ;  that  at  the  left  grew  under 
normal  conditions. 
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During  the  winter  the  water  in  the  tiles  was  frozen  for  a  part  of 
the  time.  This  experiment  shows  at  least  that  alsike  clover  will 
thrive  with  the  crowns  and  roots  constantly  under  water.  The  roots 
of  these  plants  were  abundantly  supplied  with  nodules. 

ALSIKE  CLOVER  FOR  ENSILAGE. 

Very  little  use  has  been  made  of  alsike  clover  for  ensilage.  Never- 
theless, good  silage  is  made  from  this  clover  either  alone  or  with 
some  grass  crop  or  com.  Its  use  for  this  purpose  is  confined  to 
northern  Michigan  and  northern  Wisconsin,  where  the  crop  is  some- 
times put  into  silos.  The  secret  of  success  in  making  silage  from 
alsike  clover  lies  in  thorough  packing.  Farmers  ensiling  alsike  clover 
should  have  one  more  man  trample  it  than  is  necessary  in  ensiling 
corn.  The  crop  is  put  into  the  silo  fresh  and  moist.  If  it  gets  rather 
dry  between  the  time  of  cutting  and  putting  it  into  the  silo  a  stream 
of  water  is  nm  on  to  the  cut  material.  The  formation  of  air  pockets 
must  be  avoided  or  spoiling  will  result. 

ALSIKE  CLOVER  AS  A  SOIL  IMPROVER. 

It  is  commonly  supposed  that  alsike  clover  is  not  as  good  for  soil 
improvement  as  red  clover  or,  more  especially,  mammoth  clover.  No 
definite  data  on  this  subject  are  available.  The  Minnesota  Agricul- 
tural Experiment  Station  in  1888  published  a  study  of  the  roots  of 
various  clovers.  In  this  study  the  fact  developed  that  at  5  months  of 
age  alsike  clover  had  a  greater  mass  of  roots  than  either  red  or  mam- 
moth  clover,  and  these  roots  extended  to  a  depth  of  4  feet.  It  is  un- 
doubtedly true,  however,  that  after  a  crop  of  hay  or  of  seed  has  been 
cut  a  greater  mass  of  matter  is  left  to  be  turned  under  on  a  field  of 
medium  red  or  of  mammoth  red  clover  than  on  a  field  of  alsike  clover, 
and  it  is  possible  that  a  2-year-old  stand  of  these  clovers  will  have  a 
larger  mass  of  roots  than  a  field  of  alsike  clover.  On  land  on  which 
red  clover  will  not  do  well,  however,  alsike  clover  will  make  a  satis- 
factory soil-improving  crop.  It  has  been  used  to  bring  up  nm-down 
lands  when  other  crops  failed.  The  number  of  pounds  of  nitrogen, 
phosphoric  acid,  and  potash  contained  in  1,000  pounds  of  green  red 
and  alsike  clovers,  respectively,  as  given  by  Henry  and  Morrison  in 
"  Feeds  and  Feedmg  "  (16th  edition,  1916),  are  shown  m  Table  III. 

Table  III. — Quantities  of  nitrogen,  phosphoric  acid,  and  potash  found  in  1,000 

pounds  of  green  clover. 


Kind  of  clover. 

Nitrogen. 

Phosphoric 

Potash. 

Alsike  clover 

6.6 
6.6 

1.8 
1.3 

9.3 

Bed  clover 

6.6 

Digiti 


zed  b-y  Google 


Alsike  Clover.  21 

From  this  table  it  would  appear  that  the  tops  of  alsike  clover  con- 
tain per  unit  weight  quite  as  much  of  the  three  chief  fertilizing 
constituents  as  does  red  clover.  From  the  experience  of  farmers  in 
Minnesota,  Wisconsin,  Pennsylvania,  and  Michigan  alsike  clover 
may  be  confidently  recommended  as  a  soil  improver  on  land  where 
red  or  mammoth  clover  will  not  catch.  Run-down  land  may  be 
brought  up  by  the  use  of  this  clover  as  well  as  by  red  clover. 

SECOND  CROP  OF  ALSIKE  CLOVER. 

In  most  cases  alsike  clover  does  not  make  a  second  growth  worth 
cutting.  This  is  true  as  this  clover  is  generally  used,  though  not  the 
case  in  all  situations  and  under  all  conditions.  On  river-bottom  lands 
and  on  moist,  rich  lands  in  the  North  two  crops  are  not  infrequently 
secured,  especially  if  the  first  crop  is  cut  rather  early,  when  just 
coming  into  bloom.  A  few  days'  delay  here  may  result  in  the  loss 
of  the  second  crop.  In  southern  Indiana  a  certain  field  of  alsike 
clover  was  cut  for  hay  three  times  within  120  days  from  seeding.  The 
second  year  this  field  yielded  two  cuttings,  producing  in  all  nearly 
5  tons  per  acre.  Another  field  which  the  writer  saw  was  seeded 
about  the  middle  of  March,  1917,  and  late  in  June  the  clover  was  3^ 
feet  high,  nearly  in  full  bloom,  and  ready  to  6ut.  In  many  sections, 
too,  there  is  a  fair  second  growth  for  pasture,  but  it  is  true  that 
when  mixed  with  red  clover  and  timothy  on  run-down  lands  there 
wiU  be  only  one  crop  and  the  second  growth  will  not  be  enough  even 
for  pasturing.  This  is  the  one  great  objection  to  alsike  clover  and  is 
the  chief  reason  for  the  lighter  yields  of  alsike  than  of  red  clover. 
When  a  second  growth  is  made  the  need  for  winter  protection  should 
not  be  lost  sight  of  in  determining  whether  or  not  to  cut  the  crop. 
Clover  is  more  likely  to  live  through  a  hard  winter  when  it  has  4 
to  6  inches  of  growth  than  when  it  has  been  cut  close  in  the  fall 
and  has  not  had  a  chance  to  make  a  new  growth.  Therefore,  it  should 
not  be  cut  or  pastured  so  late  that  it  can  not  make  at  least  4  inches 
of  growth  before  winter.  Because  alsike  will  not  grow  as  fast  as  red 
clover  at  the  end  of  the  summer,  the  last  cutting,  if  made,  should 
not  be  as  late  as  red  clover  would  be  cut,  or  if  pastured  the  stock 
should  be  taken  off  earlier  than  would  need  to  be  done  with  red 
clover. 

ALSIKE  CLOVER  AS  A  VOLUNTEER  CROP 

In  many  States  alsike  clover  is  especially  valued  for  its  habit  of 
voluntarily  reseeding  the  ground.  If  the  soil  conditions  are  favor- 
able, it  will  come  back  in  a  field  for  many  years.  Farmers  in  the 
States  of  Arkansas,  Kentucky,  Michigan,  Minnesota,  and  Colorado 
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have  for  years  practiced  rotations  in  which  the  only  clover  crop  is 
the  volunteer  alsike  from  an  original  seeding  made  in  some  cases 
as  much  as  20  years  before.  These  rotations  include  com,  oats, 
wheat,  and  alsike  clover,  the  last  volunteering  in  the  wheat  and 
affording  a  seed  crop.  Enough  seed  shatters  to  reseed  the  ground 
and  the  rotation  is  resumed.  Or  the  clover  may  simply  alternate 
with  a  grain,  such  as  wheat  and  clover  or  barley  and  clover.  Or 
there  may  be  two  years  of  cultivated  crops  followed  by  two  years  of 
alsike  clover.  In  Colorado  a  rotation  of  three  grain  crops  followed 
by  two  years  of  alsike  clover  is  sometimes  practiced. 

This  habit  of  volunteering  is  due  largely  to  the  fact,  as  already  ex- 
plained, that  the  lower  heads  of  alsike  clover  ripen  while  the  end  of 
the  shoot  is  still  growing  and  blooming  and  the  ripe  pods  fall  off 
readily  when  the  hay  or  seed  crop  is  harvested.  Where  conditions 
are  favorable  alsike  clover  will  work  into  all  parts  of  a  farm  from  a 
small  start.  This  is  especially-  true  if  seed  is  harvested  and  may, 
indeed,  be  an  undesirable  feature  in  some  sections  where  white-clover 
seed  is  also  produced.  The  seeds  of  white  and  of  alsike  clover  are  so 
nearly  alike  in  size  that  when  once  mixed  they  can  never  be  sepa- 
rated. Therefore,  as  the  alsike  clover  works  itself  into  a  white- 
clover  seed  section,  the  production  of  white-clover  seed  has  to  be 
abandoned,  because  it  can  no  longer  be  harvested  free  from  seed  of 
alsike  clover. 

When  alsike  clover  is  fed,  the  manure  always  carries  a  large  quan- 
tity of  seed,  and  enough  clover  may  volunteer  in  fields  where  the 
manure  is  spread  tV)  make  a  good  seeding.  In  the  West,  lands  are 
sometimes  seeded  from  the  seed  carried  down  by  irrigation  water. 
Where  conditions  are  right  this  clover  will  make  its  way  into  new 
territory,  spreading  from  field  to  field,  being;  in  fact,  as  one  corre- 
spondent expressed  it,  "the  only  good  thing  to  spread  like  a  weed." 

DISEASES  AND  INSECT  ENEMIES. 

Alsike  clover  is  not  seriously,  if  at  all,  affected  with  diseases  such 
as  trouble  red  clover.  Most  of  them  have  not  even  been  recorded  as 
found  on  alsike  clover.  An  undescribed  species  of  anthracnose  has 
been  reported,  but  in  Tennessee  this  clover  seems  inmiune  to  the 
disease  that  wrecked  the  red-clover  plantings  in  certain  sections  of 
that  State. 

A  similar  statement  may  be  made  in  regard  to  insects.  Alsike 
clover  is  little  troubled  by  the  root  borer,  which  is  a  serious  enemy 
of  red  clover  in  New  York  and  Oregon  and  is  more  or  less  prevalent 
in  many  parts  of  the  United  States.  In  Idaho  the  clover  aphids  give 
some  trouble,  but  these  pests  may  be  destroyed  by  close  spring 
grazing  of  infested  fields.    A  field  of  alsike  clover  in  Idaho  was 


Digiti 


zed  by  Google 


Alsike  Clover.  23 

badly  infested  in  May.  It  was  kept  grazed  to  the  ground  from  that 
time  until  June  19,  when  the  field  was  irrigated  and  the  clover 
allowed  to  grow.  In  August  there  was  a  splendid  stand,  free  from 
aphids,  in  full  bloom.  The  general  statement  may  be  made  that, 
except  for  the  aphids  in  Idaho,  there  are  no  serious  insect'  enemies 
and  that  no  diseases  at  present  known  menace  the  growth  of  alsike 
clover. 

SOME  HARMFUL  EFFECTS  OF  ALSIKE  CLOVER. 

In  common  with  other  clovers,  alsike  clover  will  cause  bloat  if 
stock  are  allowed  to  eat  freely  of  the  fresh  plants,  especially  early  in 
the  season.  This  fact  is  so  well  recognized  and  the  proper  precau- 
tions are  so  well  known  as  not  to  require  extended  discussion.  There 
is,  however,  another  injurious  effect  that  seems  largely,  if  not  wholly, 
confined  to  alsike  clover.  This  is  the  disease  called  trifoliosis  by 
European  authorities  and  mentioned  by  the  Tennessee  Agricultural 
Experiment  Station  m  its  Bulletin,  vol.  8,  No.  3  (1905).  While 
this  disease  is  not  well  imderstood,  there  is  suflicient  evidence  to 
warrant  the  statement  that  under  certain  conditions  alsike  clover 
may  cause  sores  on  horses  and  mules.  The  statement  is  frequently 
made  by  farmers  that  this  is  especially  troublesome  with  white- faced 
or  white-footed  horses,  and  some  include  white  hogs  in  this  class. 
The  trouble,  so  far  as  reported,  seems  not  to  be  general  but  to  be 
very  widespread.  From  Wisconsin  and  New  York,  where  alsike 
clover  is  largely  grown,  no  reports  have  been  received.  Pending 
further  study  by  the  experts  of  the  United  States  Department  of 
Agriculture  no  additional  statement  in  regard  to  this  matter  can  be 
made.  It  is  well,  however,  for  farmers  pasturing  stock  on  alsike 
clover  to  watch  for  signs  of  sore  mouths  or  sore  spots  on  the  fore 
legs  or  body.  When  such  are  noted  the  animals  should  at  once  be 
taken  from  alsike-clover  pastures  and  put  on  grass.  Unless  the 
disease  has  progressed  too  far  they  will  promptly  recover. 

SEED  PRODUCTION. 

Alsike-clover  seed  is  produced  more  or  less  throughout  the  North- 
em  States  as  far  west  as  Kansas  and  the  Dakotas  and  in  Idaho.  In 
New  England  and  in  Pennsylvania  the  production  amounts  to  prac- 
tically nothing.  In  Maryland  seed,  so  far  as  known,  is  produced  in 
but  one  county.-  (Fig.  8.)  The  chief  areas  of  production  are  western 
New  York,  northwestern  Ohio,  Indiana,  southern  Michigan,  Wis- 
consin, Idaho,  and  Oregon.  Smaller  quantities  are  also  harvested  in 
Iowa,  Minnesota,  and  Illinois.  Large  quantities  are  produced  in 
Canada.  There  are,  unfortunately,  no  data  on  which  to  base  an 
estimate  of  the  quantity  of  seed  raised,  but  the  relative  importance 
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ViQ.  8. — Haryesting  alsike  clover  for  hay  and  seed  In  Washlngrton  County,  Md. 

of  the  different  sections  as  producers  of  alsike-clover  seed  is  about 
as  given  above.  During  the  past  few  years  Idaho  has  come  to  be  an 
important  producer,  much  alsike  clover  being  grown  there  for  seed 
alone.  The  seed  is  taken  from  the  first  crop,  which  ripens  some  time 
in  July  or  later,  depending  on  the  season,  latitude,  and  method  of 
handling.  In  some  cases  fields  are  pastured  in  the  early  part  of  the 
season,  say  until  late  May  or  early  June.  This  delays  maturity  and 
the  seed  crop  is  ready  to  cut  in  August.  Owing  to  its  irregular  flower- 
ing habit  there  will  be  overripe  heads  and  buds  on  the  same  plant. 
Some  of  the  older  seeds  will  necessarily  be  lost,  but  cutting  should  be 
done  when  the  largest  number  of  heads  can  be  saved,  which  usually 
will  be  when  about  three-fourths  of  the  heads  are  ripe.  Cutting  is 
best  done  with  a  self-rake  reaper,  that  the  cut  clover  may  be  left  in 
small  bunches.  Some  take  off  every  other  rake.  If  the  growth  is 
rank  and  much  tangled  a  mower  should  be  used,  the  cutting  being 
done  in  the  early  morning  when  the  dew  is  on,  and  men  should  follow 
the  mower  to  put  the  cut  clover  out  of  the  way  of  the  horses  on  the 
next  round.  Some  attach  a  metal  or  canvas  shallow  box  to  the  rear 
of  the  cutter  bar.  A  man  follows  the  mower,  and  as  the  box  fills  he 
rakes  the  clover  off  into  small  bunches.  A  buncher  attachment  or 
swather  is  also  used.  Alsike-clover  seed  shatters  readily  and  great 
care  should  be  taken  in  handling  it.  As  soon  as  dry  the  clover  should 
be  stacked  unless  it  can  be  thrashed  direct  from  the  field.  In  this 
case  canvas  should  be  laid  on  the  wagon  bottoms,  so  as  to  catch  the 
shattered  seed. 

An  average  yield  of  3  to  4  bushels  per  acre  may  be  expected. 
Much  higher  yields  have  been  recorded,  6  to  8  bushels  being  not 
infrequently  secured,  and  reports  from  Idaho  claiming  yields  of 
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9  to  16  bushels  per  acre  have  been  received.  There  is  no  doubt  that 
under  Idaho  conditions  the  yields  are  materially  higher  than  they 
are  in  the  East 

When  sown  for  a  seed  crop  in  the  East  the  planting  should  be 
made  on  the  poorer  lands.  On  rich,  low  land  the  growth  is  rank  but 
the  yield  of  seed  relatively  small.  On  the  higher  or  poorer  land  the 
clover  will  be  short,  but  the  flower  heads  more  numerous.  When  the 
growth  promises  to  be  rank  and  a  seed  crop  is  wanted  the  field  may 
be  pastured  until  about  June  1.  This  will  cause  many  additional 
shoots  to  start,  each  of  which  will  bear  flower  heads  and  thus 
increase  the  yield  of  seed.  In  Idaho  seed  is  grown  on  irrigated  land. 
There  information  as  to  the  number  of  irrigations  or  as  to  the  best 
time  to  stop  irrigating  is  not  definite,  but  the  general  practice  is  to 
water  only  once  in  the  spring  and  when  one-third  in  bloom  to  water 
more  frequently,  leaving  the  water  on  for  12  hours.  '  This  frequent 
watering  is  continued  until  a  large  part  of  the  heads  have  turned 
brown,  Alsike-dover  seed  is  also  frequently  harvested  along  with 
timothy  seed  and  the  mixture  of  these  is  sold  as  such. 

In  the  East  only  one  seed  crop  generally  is  taken  from  a  field 
before  the  field  is  plowed.  In  some  cases,  however,  from  two  to  four 
crops  have  been  taken  in  as  many  consecutive  years.  Weeds  are, 
however,  liable  to  get  into  the  field,  and  it  seldom  pays  to  leave  it  for 
seed  more  than  one  year.  In  Idaho  it  is  said  that  two  crops  can  be 
profitably  cut,  and  sometimes  several.  The  best  practice,  however, 
appears  to  be  to  take  no  more  than  two  consecutive  crops.  If  a  field 
is  left  longer  weeds  get  into  it  too  badly. 

Some  farmers  cut  alsike  clover  for  seed  as  early  as  possible.  This 
leaves  many  blossoms  and  buds,  and  while  the  seed  crop  is  perhaps 
not  as  large  as  if  the  field  had  been  cut  later  the  straw  makes  good 
hay.  Alsike-clover  straw  makes  fair  feed,  however,  even  when  the 
crop  is  not  cut  until  it  is  too  old  for  good  hay.  This  straw  serves  as 
winter  feed  for  sheep,  colts,  and  young  cattle. 
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AN  ADEQUATE  SUPPLY  of  sugar-beet  seed  of 
good  quality  is  one  of  the  first  requisites  of  a 
permanent  and  satisfactory  beet-sugar  industry. 

The  scarcity  of  sugar-beet  seed  during  the  past  few 
years  has  stimulated  its  production  in  the  United 
States.  The  present  annual  requirement  of  this  seed 
in  this  country  is  approximately  16,000,000  pounds, 
of  which  about  50  per  cent  is  now  produced  within 
the  United  States. 

The  American-grown  sugar-beet  seed  is  produced 
from  Michigan  to  California  under  widely  different 
soil  and  climatic  conditions.  Each  area  requires 
somewhat  different  methods  of  procedure  in  order 
to  secure  the  best  results. 

This  bulletin  contains  suggestions  regarding  the 
commercial  production  of  sugar-beet  seed  in  the 
Rocky  Mountain  States.  With  the  continuing  devel- 
opment of  the  beet-sugar  industry  more  and  more 
seed  is  required  each  year,  but  it  is  confidently  ex- 
pected that  eventually  the  total  American  require- 
ment will  be  grown  in  this  country. 

In  addition  to  the  commercial  production  of  sugar- 
beet  seed  the  developing  of  new  and  improved 
strains  of  beets  is  being  studied  and  experimentaUy 
attempted. 


Contribution  from  the  Bureau  of  Plant  Industry 

WM.  A.  TAYLOR.  Chief 
Washington.  D.  C.  October.  1920 


Show  this  bulletin  to  a  neighbor.    Additional  copies  may  be  obtained  free  from  the 
Division  of  Publioations.  United  States  Department  of  Agrioultare. 
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SUGAR-BEET  SEED  GROWING  IN  THE  ROCKY 
MOUNTAIN  STATES. 

By  W.  W.  Tracy,  Jr., 
Technologist,  Office  of  Sugar-Plant  Investigations. 
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GROWING  SUGAR-BEET  SEED  AN  ESTABLISHED 
INDUSTRY. 

rpHE  PRODUCTION  of  sugar-beet  seed  in  the  United  States  is 
-L  now  an  established  and  apparently  profitable  industry  in  several 
sedions  of  this  country.  A  description  of  the  methods  followed 
should,  therefore,  be  of  interest  to  prospective  growers  of  beet  and 
other  seed  crops.  The  development  of  the  industry  has  been  greatest 
in  the  irrigated  sections  of  Colorado,  Montana,  Utah,  and  Idaho. 
Rains  are  less  troublesome  in  this  region  at  harvest  time  than  in  some 
of  the  other  beet-seed  growing  States.  Irrigation  makes  it  possible  to 
secure  a  more  uniform  growth  of  plants  and  more  certain  yields  of 
seed.  There  are  no  difficulties  with  plants  rimning  to  seed  the  first 
year  nor  with  stocks  deteriorating,  as  is  the  case  in  some  parts  of  the 
Pacific  coast  region.  The  writer's  experience  has  been  largely  con- 
fined to  this  favored  beet-growing  region,  and  the  practices  described 
and  the  illustrations  presented  here  have  reference  to  this  irrigated 
section. 

Growing  sugar-beet  seed  is  best  adapted  to  large  operators,  the 
investment  required  for  special  machinery  being  so  great  that  the 
business  is  rarely  profitable  on  less  than  100  acres.  Therefore,  the  in- 
structions given  in  this  article  refer  to  operations  on  a  large  scale. 

SIZE  OF  ROOTS  FOR  SEED. 

The  sugar-beet  plant  is  a  biennial,  and  the  roots  do  not  under  nor- 
mal conditions  send  up  seed  stalks  and  develop  seed  until  the  second 
r»r.  Only  small -sized  roots,  not  over  16  ounces  in  weight,  are  used 
for  conunercial  seed  production.    The  8-ounce  beets  are  usually 
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considered  the  most  profitable,  although  those  as  small  as  one- fourth 
ounce  will  produce  seed  if  handled  with  extreme  care.  In  commercial 
operations  it  is  quite  impossible  to  use  anything  below  2  ounces  in 
weight.  All  roots  small  enough  to  shrink  or  wilt  badly  before  being 
set  out  are  discarded  by  conmiercial  growers. 

The  small  roots  used  for  commercial  seed  production  are  known 
among  growers  as  stecklings.  (Fig.  1.)  As  they  do  not  furnish 
enough  pulp  to  sample  for  sugar  and  are  not  indicative  of  the  true 
shape  and  other  characteristics  of  a  strain,  they  can  not  be  used  for 


Fig.  1. — An  excellent  stand  of  beet  stecklings  ready  to  top  preparatory  to  being  pulled 
for  siloing.  The  erect  habit  of  the  plants  will  permit  very  close  and  exact  cutting, 
but  the  heavy  foliage  must  be  raked  off  before  a  beet  puller  can  be  used.  The  large 
beet  in  the  first  row  is  a  5-pound  root  placed  for  comparison  with  the  stecklings 
that  have  been  pulled  and  laid  above  the  spot  where  they  grew. 

selection  and  stock-seed  purposes.  When  roots  are  intended  for 
breeding,  the  seed  must  be  planted  early  and  the  beets  thinned  so  as 
to  attain  full  size  and  normal  development.    (Fig.  2.) 

TIME  TO  SOW  SEED  FOR  STECKLINGS. 

Roots  for  commercial  seed  production  are  usually  started  about 
the  same  time  as  beets  intended  for  factory  purposes.  Disease,  how- 
ever, has  more  time  to  gain  headway  in  early  plantings,  and  the  old 
leaves  are  naturally  quite  broken  down  and  difficult  to  cut  at  harvest. 
For  these  reasons  some  growers  have  better  success  with  later  sown, 
more  erect  plants,  and  therefore  start  their  stecklings  in  June.  July 
sowings  may  be  satisfactory  if  conditions  happen  to  be  just  right, 
but  usually  such  extremely  late  plantings  contain  a  large  percentage 
of  roots  too  small  for  profitable  handling. 
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SPACING  FOR  STECKLINGS. 

To  keep  the  roots  desired  for  st^cklings  from  growing  too  large, 
seed  is  generally  sown  at  the  rate  of  10  to  16  pounds  per  acre,  and  the 
crop  left  unthinned.  Where  the  ground  is  in  good  condition  and  the 
seed  of  fair  germination,  12  to  14  pounds  is  usually  about  right. 
Excellent  stands  have  been  obtained  with  only  6  pounds  where  the 
ground  was  in  extra  good  shape  and  the  seed  of  high  germination. 

The  distance  between  rows  depends  upon  the  tread  of  the  mower 
that  is  to  be  used  to  cut  the  tops  at  harvest  time  and  whether  the 
axles  can  be  extended  to  straddle  rows  of  any  desired  width.  Most 
growers  make  them  20  inches  apart  and  extend  their  mower  axles 


Fig.  2.— a  field  of  pedigree  beet  stocks  on  the  breedlDg  plat  of  the  United  States  De- 
partment of  Agriculture  being  grown  for  comparison  and  further  selection  and  im- 
provement The  lath  labels  designate  beets  the  foliage  characteristics  of  which 
have  been  described.  Later  the  roots  will  be  described  and  analyzed  for  the  purpose 
of  breeding  up  strains  uniform  in  foliage  as  well  as  root  features. 

SO  that  the  wheels  exactly  straddle  three  rows.  Growers  having 
mowers  of  54-inch  tread  sometimes  drill  their  rows  18  inches  apart 
and  thereby  avoid  the  necessity  of  adjusting  the  axles. 

For  reasons  that  will  be  explained  later  the  ideal  steckling  crop  is 
one  where  the  plants  stand  1  to  IJ  inches  apart,  where  every  root  is 
the  same  in  size,  where  none  are  large  enough  to  grow  out  of  the 
ground,  and  where  the  plants  stand  close  together  and  are  perfectly 
erect.  An  acre  of  such  beets  would  supply  enough  stecklings  to  set 
out  20  to  30  acres  for  seed.  In  practice,  however,  commercial  seed 
growers  usually  obtain  not  more  than  a  sixfold  crop. 
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PREPARATION  FOR  SOWING  STECKLING  SEED. 

Growers  should  always  make  germination  tests  before  planting 
their  steckling  seed  and  thus  know  what  their  stand  is  likely  to  be.  If 
the  seed  is  separated  into  large,  medium,  and  small  sizes  and  the 
planters  adjusted  according  to  the  size  and  germination  of  each 
grade,  a  more  even  flow  of  seed  and  a  more  correct  spacing  of  plants 
is  possible.  Usually  all  balls  falling  through  a  No.  10  and  all  run- 
ning over  a  No.  12  screen  ^  will  be  the  small  and  large  sizes,  respec- 
tively, while  those  which  fall  through  a  No.  12  and  over  a  No.  10 
screen  will  be  the  medium  size,  generally  comprising  the  bulk  of  the 
seed. 

These  measures  will  prove  quite  useless  and  most  of  the  subsequent 
work  will  be  futile  if  the  ground  for  stecklings  is  not  well  prepared 
and  the  seeders  properly  adjusted.  Thick  sowings  can  not  produce 
good  stands  if  poorly  adjusted  planters  drop  the  seed  unevenly  or 
bad  spots  in  the  field  prevent  it  from  sprouting.  Good  yields  depend 
very  largely  upon  the  scarcity  and  the  shortness  of  blanks  in  the 
rows.  In  a  steckling  field  open  spaces  are  especially  objectionable, 
as  will  be  explained  later. 

CARE  OF  STECKLING  CROPS. 

Where  steckling  seedlings  are  too  thick,  some  help  can  usually  be 
rendered  with  a  hoe,  especially  where  the  sowings  have  been  made  wide 
by  a  scattering  device  that  spreads  out  the  seeds  and  makes  it  possible 
to  thin  out  surplus  plants  by  working  sideways  of  the  row.  Stands 
are  also  often  reduced  by  harrowing  the  rows  crosswise.  Thinning 
by  hand  costs  $20  to  $50  per  acre  and  is  usually  too  expensive  to  be 
practicable. 

Unthinned  stecklings  standing  thickly  in  the  row  show  great 
differences  in  size  and  vigor,  and  large  numbers  of  small  weak-grow- 
ing plants  will  often  be  crowded  out  by  the  larger  growing  beets. 
Losses  from  such  crowding  and  from  accidents  of  different  kinds 
usually  make  it  desirable  to  thin  the  plants  so  that  they  average 
about  one-half  inch  apart.  Spaced  at  this  distance  a  proper  propor- 
tion of  the  young  seedlings  will  usually  survive  and  result  in  mature 
stecklings,  one  every  1  to  IJ  inches. 

Steckling  fields  should  be  kept  cultivated  and  in  vigorous  growing 
condition  until  harvest.  It  is  not  necessary  that  the  plants  be  ripened 
off,  as  in  the  case  of  beets  grown  for  sugar.  Age  and  the  ripening  off 
of  stecklings  appear  to  have  little  relation  to  seed  production.  Sound- 
ness, proper  size,  and  freedom  from  disease  seem  to  be  the  most  impor- 
tant factors. 

>  The  No.  10  standard  metal  screen  has  round  openings  10  sixty-fourths  of  an  inch  in 
diameter  and  the  No.  12  screen  has  round  openings  12  sixty-fourths  of  an  inch  in 
diameter. 
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TIME  TO  HARVEST  STECKLINGS. 

Boats  standing  in  open,  exposed  places  and  growing  out  of  the 
ground  may  easily  be  ruined  if  the  temperature  goes  only  a  few  de- 
grees below  freezing,  but  where  stecklings  are  still  small  enough  to 
be  entirely  below  the  surface  and  where  stands  are  full  and  the  beets 
well  protected  by  an  erect,  close,  dense  growth  of  foliage,  tempera- 
tures of  20°  F.  or  lower  may  cause  no  great  damage.  Instances  have 
been  reported  where  frozen  crops  have  been  saved  by  allowing  the 
roots  to  remain  in  the  ground  for  ^veral  days  to  thaw  out  gradually 
before  harvesting,  but  the  writer  can  not  say  from  experience  that 
frozen  roots  can  actually  be  reclaimed  in  this  way. 

Hie  steckling  harvest  should  be  started  before  freezing  weather 
for  several  other  reasons  than  because  of  danger  to  the  standing 
crops.  If,  for  example,  harvesting  is  d^yed  until  late  in  October, 
it  becomes  necessary  to  cover  the  silo  heavily  and  completely  very 
soon  after  the  roots  are  pulled.  Cold  days  and  nights  then  are 
usually  too  frequent  to  permit  openings  to  be  left  in  the  silos  for  a 
length  of  time  sufficient  to  lessen  the  injury  that  may  occur  from 
heating  after  the  roots  are  stored.  Sudden  drops  in  temperature 
may  also  freeze  the  ground  before  the  covering  of.  the  silos  is  com- 
pleted, leaving  nothing  but  frozen  lumps  of  earth  for  protection, 
which,  if  not  mellowed  later  by  rain  and  warm  weather,  afford  but 
Uttle  better  resistance  to  cold  than  cobblestones.  Long  rainy  spells 
often  ,make  it  impossible  to  handle  soil  successfully.  If  such  rains 
occur  late  in  the  season  and  are  followed  by  sudden  cold  spells,  the  un- 
favorable conditions  may  be  prolonged  until  the  stecklings  are  all 
frozirai  and  completely  ruined. 

In  northern  Colorado  the  steckling  harvests  generally  commence 
by  September  20  and  are  usually  completed,  with  all  beets  in  the 
8^06,  by  October  10.  The  final  covering  is  commonly  finished  by 
November  10. 

Unlike  factory  beets,  stecklings  must  be  hauled  immediately  after 
being  pulled.  This  gathering  of  freshly  dug  roots  by  hand  is  often 
disagreeable  and  slow  work  if  delayed  until  late  in  the  season,  when 
the  beets  are  ice  cold  and  wet  and  perhaps  incompletely  pulled  or 
partially  buried  in  soil  also  cold  and  wet. 

PREPARATIONS  FOR  HARVESTING  STECKLINGS. 

Before  stecklings  are  pulled  it  is  necessary  that  the  tops  be  cut  off 
as  close  to  the  crown  as  practicable.  The  only  economical  way  of 
doing  this  appears  to  be  by  mowing.  If  the  mowers  are  run  down 
first  one  way  and  then  back  again  (fig.  3) ,  many  leaves  will  be  cut  off 
which  would  not  be  removed  if  the  machines  were  run  in  one  direc- 
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tion  only.  Close  and  uniform  cutting  is  quite  impossible  where 
rough  ground  or  uneven  irrigation  furrows  interfere  with  the  steady 
run  of  the  mower.  An  irrigation  ditch  should  always  be  made 
after  every  row.  If  made  only  after  every  other  row,  one  wheel  of 
the  mower  wi^l  have  to  travel  in  a  depression  and  cause  the  sickle 
bar  to  run  on  a  slant  and  cut  unevenly  unless  continual  attention  is 
given  to  proper  adjustment. 

The  gathering  of  stecklings  is  sometimes  quite  difficult  when  small 
roots,  plowed  out  of  dry  soil,  lie  compacted  in  large  hard  clods  or 
are  deeply  buried  in  the  upturned  soil.  To  make  stecklings  plow  up 
properly  it  is  therefore  frequently  necessary  to  irrigate  before  har- 
vesting.   These  irrigations  should  be  given  in  plenty  of  time  to  allow 


Fig.  3. — A  mower  cutting  off  the  tope  of  beet  stecklings  that  are  to  be  pulled  In  a  few 
days  with  a  beet  puller.  The  plants  are  too  spreading  and  broken  down  by  age  and 
disease  to  make  thorough  cutting  possible.  The  mower  has  run  down  three  rows 
in  one  direction  and  is  now  coming  back  over  the  same  rows  to  cut  off  the  leaves 
not  removod  in  the  first  operation. 

the  soil  to  dry  out  sufficiently  for  running  a  mower  through  the  field. 
If  this  is  not  done  or  if  frequent  rains  or  dews  leave  the  ground  or 
the  foliage  in  a  wet  condition,  the  mower  will  clog  badly  and  com- 
pletely block  harvesting  operations,  sometimes  for  several  days  or 
until  other  means  of  removing  the  tops  are  resorted  to.  These  condi- 
tions are  especially  likely  to  occur  when  harvesting  is  started  late. 

Thorough  cutting  of  the  tops  by  the  mower  is  possible  only  where 
the  steckling  stand  is  uniform,  the  tops  erect,  and  the  ground  and 
irrigation  furrows  regular  and  smooth.  Where  numerous  open 
places  permit  a  considerable  portion  of  the  roots  to  grow  large  and 
out  of  the  soil  and  the  foliage  to  spread  out  flatly,  or  where  disease, 
hail,  wind,  and  other  causes  produce  many  dead  and  broken  leaves, 
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it  becomes  quite  impossible  to  use  mowing  machines  successfully. 
In  such  cases  sharp  hoes  may  be  used  to  remove  the  tops,  but  this 
is  an  exceedingly,  slow  and  costly  operation,  especially  where  leaf- 
spot  has  resulted  in  numerous  dead  flat-lying  leaves.  If  the  bulk 
of  the  foliage  can  not  be  removed,  the  stecklings  must  be  stored  thinly 
in  the  silos. 

If  the  foliage  of  the  stecklings  is  thick  and  heavy,  it  pays  to 
gather  the  leaves  and  silo  them  for  feed.  Raking  is  absolutely  nec- 
essary where  growth  is  extra  heavy.  Unless  it  is  done,  the  beet 
puller  clogs  badly  and  many  roots  get  mixed  with  the  abandoned 


Fig.  4. — Fresbly  pulled  b€et  stecklings  being  pitched  from  wagons  Into  a  silo.  Two 
men  wlU  presently  spread  out  the  roots  evenly  and  build  earth  partitions  every 
50  to  100  feet.  Toward  evening  plows  will  throw  a  few  inches  of  earth  over  the 
roots  that  have  been  placed  in  the  silo  during  the  day. 

foliage  and  lost.  In  general,  the  tops  are  neither  raked  nor  gathered 
for  feed.  The  usual  custom  is  to  allow  them  to  wilt  until  a  puller 
can  be  run  through  the  rows.  Most  of  the  leaves  finally  get  buried 
in  the  soil,  dry  up,  or  blow  away. 

SILOING  STECKLINGS. 

Stecklings  are  siloed  in  long  trenches  made  with  plows,  irriga- 
tion "A's,''  and  road  graders.  The  trenches  are  usually  a  rounded 
V  in  shape,  as  shown  in  figure  4.  The  roots  are  piled  up  to  the  level 
of  the  original  surface,  generally  about  18  inches  deep  at  the  middle 
and  4  inches  or  less  at  the  sides.  Divisions  are  made  every  50  to 
184877*'— 20 2 
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100  feet  by  walls  of  earth,  so  that  if  disease  starts  in  one  place  it  can 
not  spread  to  other  sections. 

Where  stecklings  are  stored  on  the  same  ground  on  which  they  are 
grown,  trenches  are  made  every  70  to  100  feet  or  at  every  fortieth  to 
sixtieth  row.  This  method  does  away  with  long  hauls,  but  is  objec- 
tionable because  it  ties  up  large  tracts  of  land  from  fall,  winter,  or 
early  spring  plowing  and  leaves  the  fields  in  a  rough  condition  that 
requires  much  grading  to  put  it  in  shape  for  irrigation.  Level  fields 
that  have  once  been  used  for  silos  may  be  left  so  uneven  that  for 
many  years  afterwards  irrigation  will  be  difiicult.  For  this  reason 
many  people  prefer  to  haul  their  beets  to  fields  where  irrigation  is 
not  practiced  or  to  locations  where  the  grade  is  steep  and  where 
siloing  does  less  harm. 


Fig.  5. — Pulling  and  Kathoring  beet  stecklings  for  siloing.  The  beet  pullers  on  the 
right  are  sucee8.sfully  lifting  out  the  stecklings  for  gathering  after  the  mowed  tops 
shown  In  figure  3  have  become  sufficiently  dried  to  permit  the  use  of  a  puller  without 
clogging.  In  order  to  prevent  wilting,  the  roots  are  being  gathered  within  a  few 
minutes  after  being  pulled. 

All  stecklings  must  be  gathered  as  soon  as  they  are  pulled.  (Fig. 
5.)  A  few  hours  of  drying  weather  or  of  hot  sunshine  on  small  roots 
is  very  serious,  because  it  greatly  impairs  the  keeping  and  seed- 
production  qualities  of  the  crop.  Beets  left  exposed  to  the  hot  sun 
too  long  go  into  the  silo  very  warm,  become  heated,  and  may  soon  be 
ruined. 

At  the  close  of  each  day's  operations  all  newly  filled  silos  are  cov- 
ered lightly  by  means  of  plows  or  irrigation  "A's."  The  centers  are 
left  open  at  first  if  there  is  danger  of  heating.  As  soon  as  one  length 
of  silo  is  complete  the  permanent  winter  covering  is  begun  and  con- 
tinued until  the  roots  are  protected  with  at  least  30  inches  of  earth.  As 
this  work  requires  considerable  time,  it  must  be  commenced  early  in 
order  tliat  it  mav  be  finished  before  winter  sets  in.    In  northern  Colo- 
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rado  growers  plan  to  have  all  silos  completely  covered  by  November 
10.  In  order  to  provide  equal  protection  to  all  beets  against  sudden 
cold  spells,  covering  operations  proceed  gradually  and  about  equally 
on  all  silos. 

The  first  earth  is  thrown  on  with  plows,  irrigation  "A's,"  and  road 
graders,  .but  the  high  covering  required  in  northern  Colorado  is  soon 
beyond  the  capacity  of  these  implements,  and  elevated  road  graders 
are  used  for  most  of  the  work.  (Fig.  6.)  These  graders  are  ex- 
pensive machines  and  require  a  35-horsepower  tractor  or  12  horses 
to  pull  them. 

Chinmeys  or  ventilation  flues  made  of  straw  or  boards  reaching 
from  the  interior  of  the  silo  to  the  outside  air  are  often  recommended 


Fig.  6. — An  elevated  grader,  such  as  contractors  use  on  road  work,  plowing  furrows 
J4  incbes  wide  and  10  inches  deep  and  spreading  the  earth  over  a  beet  silo.  Travel- 
ing at  the  rate  of  2  miles  an  hour,  this  grader  moves  more  soil  than  100  men  could 
handle  with  shovels.  A  SS-horsepower  tractor  pulls  the  grader,  and  two  men  operate 
the  outfit.  In  order  to  get  enough  earth  to  cover  the  beets,  the  grader  must  plow 
20  feet  on  each  side  of  the  silo. 

by  horticultural  Avriters  for  different  root  crops.  In  northern  Colo- 
rado their  influence  seems  to  extend  only  to  the  beets  immediately 
surrounding  the  openings  and  to  be  quite  negligible.  They  are  not 
used  at  all  by  large  operators. 

For  reasons  that  are  not  always  explainable,  roots  often  sprout 
badly  in  the  silo.  Such  sprouting  is  not  serious  unless  it  proceeds  so 
far  that  flower  stalks  develop.  The  entire  absence  of  sprouting  is  a 
pretty  sure  indication  of  diseased  and  worthless  beets.  The  best 
yields  are  obtained  from  stecklings  coming  through  the  winter  with 
small  sprouts  over  the  entire  crown,  none  over  three-eighths  of  an 
inch  long.  Less  than  5  per  cent  of  such  beets  are  likely  to  be  affected 
by  disease,  and  practically  all  are  as  solid  as  when  pulled  in  the  fall. 


Digiti 


zed  by  Google 


12  Farmers*  Bulletin  1152. 

The  sprouts  that  start  in  the  silo  dry  up  and  become  rubbed  off  during 
the  transplanting  operations,  and  seed  is  produced  only  from  the 
shoots  that  start  after  the  roots  are  set  out. 

TRANSPLANTING  STECKLINGS. 

Stecklings  usually  give  the  largest  yield  when  plafited  very  early. 
In  northern  Colorado  ti:ansplanting  commences  the  middle  of  March 
if  the  weather  is  favorable  at  that  time.  All  work  is  rushed  so  as  to 
be  completed,  if  possible,  by  April  15  or  earlier. 

The  covering  of  the  silos  down  to  the  level  of  the  original  surface  is 
removed  with  plows,  road  graders,  and  special  contrivances  re- 
sembling long  irrigation  "A's."  (Fig.  7.)  The  few  inches  of  soil  re- 
maining after  these  implements  have  done  their  work  is  easily  scraped 
off  with  hand  shovels.    The  roots  are  immediately  sorted  into  three 


Fio.  7. — Leveler,  In  use  for  uncovering  beet  silos,  20  feet  long,  71  feet  across,  made  of 
lumber  18  by  8i  inches.  Rear  opening,  18  inches.  The  silo  over  which  the  leveler 
stands  has  been  worked  down  to  the  original  surface  of  the  ground,  and  the  steck- 
lings are  ready  to  take  out  as  soon  as  the  few  inches  of  earth  remaining  have  been 
removed  with  shovels. 

sizes.  The  large  beets  comprise  everything  over  3  inches  in  diameter ; 
the  intermediate,  everything  between  1^^  to  3  inches ;  and  the  small, 
everything  below  IJ  inches.    All  diseased  beets  are  discarded. 

Stecklings  usually  start  better  and  are  more  easily  planted  when 
their  taproots  are  cut  off  to  the  solid  portion.  The  lower,  limper  part 
generally  curls  upward  when  the  roots  are  set  out,  and  being  more  or 
less  bruised  and  dried  is  seldom  of  any  service. 

Where  stecklings  are  over  20  ounces  in  weight  they  may  be  divided 
lengthwise  and  each  half  planted  like  a  whole  root.  This  practice  is 
of  decided  advantage  only  with  roots  weighing  2  pounds  or  more. 
It  never  pays  purposely  to  permit  roots  to  grow  large  with  the  inten- 
tion of  halving  them. 

Stecklings  are  planted  in  rows  36  inches  wide  and  are  distributed 
by  gangs  who  carry  the  roots  in  sacks  and  drop  the  beets  20,  16,  or 
12  inches  apart,  depending  upon  whether  they  are  large,  medium,  or 
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small  in  size.  Planting  gangs  immediately  follow,  setting  the  roots 
out,  sometimes  with  shovels  and  spades,  and  sometimes  sticking  them 
into  loosened  soil  made  by  rimning  a  subsoiler,  a  modified  alfalfa 
renovator,  or  other  specially  regulated  digger  down  the  row.  (Fig. 
8.)  If  a  subsoiler  is  used  it  must  be  symmetrical,  so  that  it  will  stir 
the  earth  equally  on  both  sides  of  the  row.  If  this  work  is  properly 
done,  the  roots  can  be  shoved  far  enough  down  into  the  soil  to  permit 
earth  to  fall  over  them,  so  that  transplanting  can  be  accomplished  en- 
tirely by  hand  and  without  an  additional  covering  operation. 

When  the  roots  are  set  out  with  shovels  or  spades  the  earth  is 
tamped  around  each  beet  with  the  heel  of  the  shoe.    When  subsoilers 


Pia.  8. — An  alfalfa  renovator,  with  some  of  the  cultivator  teeth  turned  up,  standing 
ready  to  make  10-inch  deep  slots  in  the  earth,  so  that  two  rows  of  beet  stcckllngs 
can  be  set  oat  by  shoring  the  roots  Into  the  loosened  soil.  Orchard  cultivators  and 
other  similar  implements  of  equally  strong  frame  can  also  be  fitted  for  this  work. 

are  used  the  earth  is  packed  by  a  special  machine  consisting  of  two 
heavy  beveled  rollers.  These  straddle  the  rows  in  such  a  way  as  to 
exert  an  inward  and  downward  pressure  that  firms  the  soil  close  to 
the  roots. 

The  feeding  hairs  of  a  beet  plant  grow  at  the  lower  part  of  the 
root.  Firming  operations  should  therefore  be  directed  principally 
to  packing  the  soil  around  that  portion  rather  than  about  the  upper 
part  of  the  beet.  The  surface  of  the  soil  generally  gets  sufficiently 
packed  by  rains  and  irrigations,  but  the  deeper  part  needs  solid 
finning,  heavy  irrigations,  or  soaking  rains  to  close  effectually  all 
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air  spaces.  Finning  around  the  tips  of  the  beets  is  especially  im- 
portant where  shovels  or  macliines  have  dug  too  deeply  into  the  soil 
and  established  large  air  spaces.  If  these  are  not  at  least  partially 
closed  by  solid  firming  or  rolling,  soaking  rains  or  heavy  irrigations 
are  likely  to  drag  small  stecklings  so  far  into  the  soil  as  to  make  it 
impossible  for  the  shoots  ever  to  reach  the  surface. 

The  success  of  a  beet-seed  crop  depends  greatly  upon  how  thor- 
oughly the  earth  is  firmed  around  the  roots  at  transplanting  time. 
If  the  beets  could  be  set  out  as  solidly  in  the  ground  as  they  grew 
in  the  fall,  they  would  start  immediately.  Tamping  and  rolling 
can  never  approximate  this  ideal  condition  as  closely  as  a  thorough 
irrigation.  Only  a  decidedly  soaking  rain  will  take  its  place. 
Whether  the  soil  is  dry  or  moist  at  transplanting  time,  furrows 
should  always  be  made  for  irrigating,  and  no  transplanting  should 
be  started  until  it  is  certain  that  water  can  be  obtained  immediately 
after  the  roots  are  set  out. 


Fio.  9. — An  extraordinarily  heavy  growth  of  beet  seed  ready  to  cut  within  10  days. 
Some  stalks  are  less  ripe  than  others,  but  the  plants  are  so  matted  together  as  to 
make  separate  cuttings  Impossible.  The  field  promises  a  yield  of  3,000  pounds  of  seed 
to  the  acre. 

Stecklings  start  most  easily  when  covered  with  only  about  one- 
half  inch  of  soil.  This  light  protection  is  safe  when  all  danger  of 
a  freeze  is  past,  but  early  plantings  require  1  to  2  inches  of  covering. 
Shoots  will  occasionally  break  through  3  inches  or  more  of  soil 
without  being  appreciably  weakened.  The  greatest  injury  occurs 
when  rains  come  after  the  shoots  have  gotten  part  way  through  the 
soil.  Such  rains  are  damaging  because  they  pack  the  soil  around 
shoots  that  have  previously  been  working  through  loose  earth.  Sud- 
denly deprived  of  the  air  spaces  they  have  developed,  the  young 
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sprouts  often  rot  or  bend  over  without  ever  being  able  to  work 
through.  After  rains  many  soils  crack.  This  often  saves  deep- 
planted  stecklings  if  they  have  not  already  sprouted.  It  will  also 
save  sprouted  stecklings  if  the  cracks  appear  before  the  shoots  have 
been  smothered. 

Some  eastern  growers  are  said  to  have  better  success  when  the 
crowns  are  not  covered  with  earth.  In  the  dry  air  of  irrigated  sec- 
tions such  exposure  causes  a  shriveling  up  of  the  young  shoots  almost 
as  soon  as  they  develop.  For  this  reason  some  covering  is  necessary 
in  the  Rocky  Mountain  States. 


Fig.  10. — An  ordinary  beet-seed  crop  being  cut  and  shocked.  The  stalks  have  been  left 
In  the  son  for  a  long  time  and  have  become  so  wilted  that  they  can  not  be  made  to 
stand  up  In  shocks  without  first  being  tied  into  bundles.  The  field  promises  a  crop 
of  1^00  pounds  of  seed  to  the  acre. 

CULTIVATING  SEED  CROPS. 

Beet  roots  naturally  start  quickly,  and  early  cultivations  are  very 
important.  If  the  soil  is  not  stirred  after  the  first  irrigation,  the  earth 
frequently  shrinks  away  from  all  but  the  lower  part  of  the  roots. 
This  results  in  a  general  drying  up  of  the  beets  and  a  decided  un- 
evenness  in  the  maturing  of  the  crop.  Where  the  growth  of  seed 
stalks  is  heavy  and  the  matting  together  of  plants  complete,  as  it  often 
is  in  irrigated  sections,  different  cuttings  can  not  be  made,  even  if  some 
plants  mature  earlier  than  others.  (Fig.  9.)  For  this  reason  roots 
should  get  an  even  start,  so  that  all  plants  will  ripen  at  about  the 
same  time. 

Beet  seed  stalks  grow  rapidly,  sometimes  2  inches  a  day.  This 
quick  growth  makes  it  imperative  that  the  plants  be  cultivated  and 
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irrigated  when  they  require  it.  If  a  steady,  even  development  is  not 
maintained  throughout  the  blooming  period  the  blossoms  are  likely 
to  blast  and  much  chaff  result  at  harvest  time.  If  growth  is  checked 
during  the  seed-setting  stage,  many  partly  developed  seed  germs  may 
shrivel,  and  what  appears  to  be  a  fine  crop  may  turn  out  at  thrashing 
time  to  be  mostly  empty  hulls. 

Beet  seed  is  sometimes  of  low  vitality  even  when  growing  condi- 
tions have  apparently  been  favorable.  Whether  any  particular  low 
germination  is  due  to  hot  winds  or  drying  weather  and  a  consequent 
shriveling  of  the  pistil  or  drying  of  the  pollen,  or  to  incomplete 


Fio.  11. — Beet  seed  being  lifted  from  sleds  and  stacked  for  thrashing:.  Two  nets  have 
been  placed  on  each  sled,  and  two  operations  will  empty  a  2,500-pound  load  in  eight 
minutes.  Four  men  build  the  stack,  four  teams  of  three  horses  each  haul  the  seed, 
and  two  crews  of  two  men  each  pitch  the  shocks  on  the  sleds,  as  shown  on  the  title- 
page.  Two  men  operate  the  derrick  and  one  drives  the  team.  This  crew  of  15  men. 
Including  drivers,  and  14  horses  will  stack  10  acres  a  day. 

fertilization  arising  from  other  causes,  or  to  improper  cultural  treat- 
ment can  not  always  be  definitely  determined.  Much  is  yet  to  be 
learned  along  these  lines.  In  general,  seed  is  likely  to  be  good  where 
pollen  is  abundant.  Its  presence  in  quantity  is  shown  by  a  charac- 
teristic strong  odor  that  extends  far  from  the  fields.  During  the 
middle  of  hot  days  plants  often  wither  a  good  deal,  but  this  should 
cause  no  concern  unless  the  stalks  droop  very  considerably  or  fail 
to  freshen  up  toward  evening. 

Diseased  or  injured  beets  or  those  weakened  in  breaking  through 
a  hard  crust  may  make  a  vegetative  growth  of  blind  seed  stalks  and 
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remain  green  and  continue  to  grow  until  freezing  weather.  Such 
plants  are  called  trotzers  when  the  vegetative  growth  is  complete, 
and  half  trotzers  when  some  seed-producing  stalks  are  put  forth. 
The  roots  of  the  former  are  usually  of  mammoth  size,  very  fleshy, 
and  make  excellent  feed.  Those  of  the  latter  are  smaller,  less  crisp, 
and  are  not  as  good  feed.  Koots  which  have  borne  a  heavy  crop  of 
good  seed  are  usually  small,  hard,  woody,  and  totally  unfit  for 
anything. 

Trotzer  development  sometimes  appears  to  be  due  to  the  steck- 
lings  getting  a  second  growth  in  the  fall.  Owing  to  a  drought  or 
other  check  occurring  in  midsmnmer,  the  plants  stop  growing  and 
the  roots  become  hard  and  remain  dormant  for  several  weeks.  When 
refreshing  rains  come  and  the  weather  is  cooler,  such  roots  often 
start  to  grow  again  and  apparently  lose  the  tendency  to  produce 
seed  the  following  year.  The  beets  may  keep  over  winter  perfectly 
and  start  out  early  and  vigorously  in  the  spring  with  every  prospect 


Fig.  12. — Rear  view  of  an  ordinary  separator  fitted  to  thrash  beet  seed.  A  crew  of  10 
men  can  thrash  80,000  pounds  of  seed  a  day,  and  two  men  can  haul  the  thrashed 
seed  to  the  warehouse. 

of  good  seed  crop,  but  most  of  the  plants  may  turn  out  to  be  tro- 
tzers and  cover  the  whole  field  with  a  dense  vegetative  growth. 

The  yields  of  sugar-beet  seed  in  the  Rocky  Mountain  States  aver- 
age approximately  1,000  pounds  to  the  acre,  with  a  range  of  300  to 
3,000  pounds.  (Fig.  10.)  Yields  of  2,000  pounds  are  uncommon, 
while  3,000  pounds  per  acre  is  the  largest  yield  which  has  so  far  come 
to  the  writer's  notice.     (Fig.  9.) 

False  chinch  bugs  and  webworms  sometimes  damage  or  entirely 
destroy  seed  crops  in  the  West.  The  former  are  difficult  to  control 
when  once  they  appear  in  a  field.  Nicotine  and  soap  sprays  and  shak- 
ing the  bugs  into  pans  containing  a  thin  film  of  oil  have  been  recom- 
mended, but  the  writer  has  never  found  these  remedies  effective  after 
the  insects  appear  in  large  swarms.  If  infested  areas  can  be  located, 
great  numbers  may  be  killed  in  winter  and  early  spring  by  burning 
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the  dead  weeds  and  other  rubbish  in  which  they  harbor.  Plants 
frequently  escape  harm  if  set  out  early,  so  that  they  come  into  flower 
before  the  insects  appear  in  large  numbers.  Webworms  may  be 
destroyed  by  Paris  green  sprays  applied  from  large  high-wheeled 
sprayers  with  elevated  bodies  that  can  be  driven  over  the  tops  of  the 
plants. 

HARVESTING  SEED  CROPS. 

In  arid  sections  of  the  United  States  beet-seed  crops  may  safely  be 
cut  while  the  foilage  is  still  green  and  before  the  seed  balls  have  be- 
come dry  enough  to  shatter.  (Figs.  9  and  10.)  In  northern  Colorado 
this  period  is  usually  during  the  latter  part  of  July  or  the  first  part  of 
August.  A  great  deal  of  experience  is  necessary  to  decide  when  a 
crop  is  ripe  enough  to  give  good  seed  and  still  green  enough  to 
harvest  without  shattering.     The   right  time  depends  principally 


Fio.  13. — Side  view  of  the  beet-seed  separator  shown  in  figure  12.  When  the  men  on 
the  stack  can  not  keep  the  seed  spread  out  evenly  on  the  straw  carrier,  an  additional 
man  is  sometimes  specially  detailed  for  this  work.  Even  feeding  results  In  decidedly 
cleaner  seed. 

upon  when  most  of  the  seed  balls  have  reached  the  dough  stage. 
(Fig.  10.)  Harvesting  usually  must  be  done  quickly,  within  the 
course  of  a  few  days;  otherwise  much  of  the  best  seed  will  get  too 
ripe  to  gather  without  shattering. 

Beet  stalks  should  be  cut  close  to  the  ground  with  hand  sickles  and 
immediately  shocked  in  bundles  about  30  inches  wide  at  the  top.  If 
allowed  to  wilt  badly  before  shocking,  the  green  stalks  are  difficult 
to  set  up  straight.  In  10  to  20  days  they  are  usually  dry  enough 
to  thrash  or  stack.  (See  illustration  on  the  title-page.)  Rains  some- 
times make  it  necessary  to  open  up  and  reset  shocks  so  that  the  seed 
can  dry  out  without  sprouting.  This  overhauling  shatters  consid- 
erable seed  and  is  costly  in  time  and  money.  Every  endeavor  is 
therefore  made  to  thrash  or  stack  the  seed  as  soon  as  it  is  dry  enough. 
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THRASHING  SEED  CROPS. 

Thrashing  beet  seed  is  comparatively  slow  work,  and  where  crops 
are  hauled  direct  to  the  machine  from  the  field  a  large  part  of  the 
shocks  necessarily  remain  exposed  for  many  weeks  to  damaging 
rains.  For  this  reason  Rocky  Mountain  growers  almost  invariably 
stack  their  seed  and  get  it  under  cover  as  soon  as  possible.  (Fig. 
11.)  Thrashing  is  done  in  the  late  fall  or  early  winter  and  at  a 
time  when  labor  is  most  available.  (Figs.  12  and  13.)  If  rains  or 
storms  occur,  thrashing  can  proceed  immediately  after  they  are 
oTer,  as  it  is  not  necessary  to  wait  for  long  periods  for  stacks  to  dry 
out.  Heavy  dews  also  do  not  interfere  with  early-morning  opera- 
tions, and  in  many  ways  thrashing  progresses  with  less  interruptions 
when  the  crop  is  stacked. 

Stacks  are  made  in  the  field,  generally  one  to  every  10  to  25  acres. 
If  properly  built,  of  correct  shape,  and  well  protected  at  the  top  with 


Pic  14. — Well-baUt  beet  stacks  similar  in  size  and  form'to  alfalfa  stacks.    The  tops 
are  protected  with  2  feet  of  straw. 

straw,  they  will  keep  through  almost  amy  weather.  (Fig.  14.)  The 
greatest  danger  comes  when  rains  or  storms  appear  suddenly  while 
the  stacks  are  being  built  or  during  thrashing. 

Beet-seed  shocks  are  hauled  most  economically  from  the  field  on  flat 
sleds  about  10  by  18  feet  in  size,  built  with  sloping  sides  about  1  foot 
high.  (Fig.  15.)  Such  sleds  are  best  because  the  seed  can  be  loaded 
by  two  men,  without  the  use  of  canvas  and  without  the  loss  of  seed. 
Wagons  are  not  liked,  because  three  or  more  men  are  necessary  for 
loading  and  because  canvases  have  to  be  dragged  from  shock  to  shock 
to  catch  seed  that  falls  from  pitching  so  high.  Wagons  carry  some- 
what larger  loads  than  sleds,  and  only  two  instead  of  three  horses  are 
required,  but  the  saving  of  labor  in  loading  is  compensation.  Seed 
is  unloaded  from  the  sleds  to  the  stacks  by  the  use  of  slings  and 
stackers.     (Figs.  11  to  15.) 

Sugar-beet  seed  is  satisfactorily  thrashed  with  ordinary  grain  sepa- 
rators and  equipment,  except  that  the  feed  carriers  are  considerably 
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extended,  the  wind  and  speed  much  reduced,  and  lip  sieves  substituted 
for  grain  sieves.  The  teeth  of  the  cylinders  must  sometimes  be  in- 
creased and  sometimes  reduced,  and  other  adjustments,  which  an  ex- 
pert thrasher  will  recognize,  are  often  necessary. 

In  well-regulated  separators  the  thrashed  seed  will  contain  not 
more  than  15  to  25  per  cent  of  trash.  Seed  is  occasionally  blown  over 
into  the  straw  pile,  and  it  sometimes  pays  to  rethrash.  Second 
thrashings  require  only  one-sixth  to  one-third  of  the  time  required 
for  the  first  and  turn  out  less  than  2  per  cent  to  more  than  10  per 
cent  as  much  seed,  depending  upon  whether  the  first  operation  was 
thorough  or  incomplete.  Tare  in  second  thrashings  is  very  large, 
sometimes  80  to  90  per  cent. 

CLEANING  SEED  CROPS. 

Sugar-beet  seed  is  one  of  the  most  difficult,  expensive,  and  disagree- 
able of  all  seeds  to  clean.  Special  equipment,  such  as  only  special- 
ists and  large  operators  can  afford,  is  absolutely  necessary  for  turning 


Fig.  15. — Sleds  used  to  haul  the  beet  shocks  to  the  stacks,  showing  their  construction. 
A  double  floor  Is  made  by  nailing  matched  lumber  to  the  upper  and  lower  sides  of 
five  crosspieces  of  2  by  6  inch  scantling.  The  sleds  pull  best  without  runners. 
After  several  years*  use  the  bottom  floor  becomes  worn  and  the  upi)er  one  full  of 
cracks,  and  both  must  occasionally  be  replaced.  The  sled  to  the  right  shows  how 
the  slings  are  placed. 

out  a  merchantable  product.  The  seed  is  first  run  through  a  side- 
shake  grain  cleaner  of  large  capacity,  consisting  of  at  least  three 
series  of  sieves.  The  mill  must  be  well  equipped  with  traveling 
brushes  kept  in  good  condition  at  all  times.  The  sieves  of  standard 
cleaners  have  too  long  a  run,  and  to  prevent  too  many  stems  falling 
through  with  the  seed  it  is  necessary  to  construct  sieves  with  the 
lower  two-thirds  blank. 

Properly  adjusted  grain  cleaners  generally  remove  the  greater  por- 
tion of  the  sticks  and  other  trash  in  one  operation.  If  they  fail  to 
do  this,  recleanings  should  be  made  until  the  mills  have  done  all  that 
might  reasonably  be  expected  of  them.  Whatever  sticks  are  not  re- 
moved by  the  cleaners  must  be  taken  out  by  running  the  seed  over  in- 
clined canvas  aprons  moving  over  large  rollers.    This  operation  is 
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exceedingly  slow  and  expensive,  and  it  does  not  pay  to  run  seed  over 
aprons  when  it  contains  sticks  that  can  be  taken  out  more  cheaply  by 
rapid- working  grain  cleaners. 

The  efficiency  of  a  seed-cleaning  house  depends  largely  upon  the 
right  proportion  of  sieves  and  seed  drapers.  If  the  surface  of  the 
former  is  too  small,  the  revolving  aprons  may  very  easily  be  over- 
worked and  fail  to  clean  the  seed  properly.  The  canvas  cleaners  now 
in  use  by  American  growers  contain  apron  agitators,  cleaning 
brushes,  and  many  fine  adjustments  that  make  them  greatly  superior 
to  the  German  drapers  in  use  eight  years  ago.  Well-equipped  seed- 
cleaning  houses  are  to-day  supplied  with  efficient  suction  drafts, 
which  very  largely  remove  the  dust  that  formerly  made  beet-seed 
cleaning  so  disagreeable. 
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THE  COWPEA  PLANT  may  be  fed  to  live  stock  as  pasturage, 
hay,  or  ensilage,  and  the  seed  may  be  used  as  human  foo.d. 
Cowpeas  are  not  grown  for  seed  more  generally  because  of 
the  uncertainty  of  the  crop,  the  expense  of  harvesting,  and  the 
low  yield  commonly  obtained.  These  factors  have  created  a 
relatively  high  price  for  the  seed. 

In  localities  well  suited  to  production  it  will  be  found  highly 
profitable  to  grow  cowpea  seed  on  a  large  scale,  especially  if 
the  best  machinery  for  handling  the  crop  is  used. 

Harvesting  cowpea  seed  can  be  done  most  cheaply  by  the  use 
of  machinery.  The  crop  may  be  cut  with  a  mower,  self-rake 
reaper,  or  bean  cutter.  When  the  plants  are  thoroughly  dry, 
the  seed  may  be  thrashed  with  an  ordinary  grain  separator  with 
modifications,  or,  better  still,  with  a  machine  specially  con- 
structed for  thrashing  cowpeas. 

The  seed  has  a  high  feeding  value,  but  is  rarely  cheap  enou^ 
to  use  as  feed.    It  is  fed  to  some  extent  to  poultry. 

The  cowpea  is  generally  and  favorably  known  in  the  South  as 
a  staple  human  food,  being  used  in  the  pod,  shelled  green,  and 
shelled  dry. 

Good  cowpea  seed  can  be  stored  for  a  considerable  length  of 
time  without  much  danger  of  loss  of  vitality. 

Cowpea  hay  is  an  excellent  roughage  for  all  kinds  of  stock. 
When  cut  at  the  right  stage  of  growth  and  properly  handled,  the 
cowpea  is  equally  as  nutritious  as  the  hay  from  other  legumes 
and  is  greatly  relished  by  all  farm  animals. 

The  hay  is  somewhat  difficult  to  cure,  but  with  attention  to 
the  stage  of  growth  and  to  weather  conditions,  little  more  trouble 
will  be  experienced  in  obtaining  well-cured  cowpea  hay  than 
red-clover  or  alfalfa  hay. 

The  cowpea  alone  has  not  given  good  results  as  a  silage  crop, 
the  best  silage  being  obtained  when  it  is  mixed  with  corn  or 
sorghum. 

Although  pasturing  cowpeas  is  not  considered  the  best  farm 
practice,  under  certain  conditions  it  is  advisable  and  quite 
profitable. 

As  a  soiling  crop  the  cowpea  can  be  advantageously  used  to 
supplement  crops  with  less  protein,  such  as  corn,  sorghum,  and 
millet. 

The  cowpea  has  been  used  more  as  a  soil  renovator  than  any 
other  legume  because  it  is  so  easily  grown,  has  such  a  marked 
effect  upon  succeeding  crops,  and  succeeds  under  such  a  great 
diversity  of  conditions. 
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THE  PRINCIPAL  USES  OF  THE  COWPEAJ 

THE  COWPEA  is  of  ancient  cultivation  for  human  food,  par- 
ticularly in  Africa  and  Asia,  and  also  in  the  Mediterranean 
region  of  Europe.  Although  in  the  United  States  it  has  been  grown 
mainly  for  soiling,  hay,  ensilage,  and  pasturage  for  all  kinds  of  stock 
and  as  a  soil-improving  crop,  nevertheless  the  seeds,  chiefly  of  the 
Blackeye  and  White  varieties,  have  been  commonly  used  for  human 
food  in  the  Southern  States. 

For  feed  the  cowpea  is  especially  valuable,  because  it  will  grow 
on  all  types  of  arable  soil,  requiring  little  attention  and  producing 
most  excellent  forage.  In  addition,  it  is  of  great  value  as  a  green- 
manure  crop  to  increase  the  humus  and  the  nitrogen  content  of  the 
soils  upon  which  it  is  grown. 

Cowpea  hay  should  be  substituted  in  the  Southern  States  for  much 
of  the  hay  which  is  now  being  purchased  in  the  Xorth  and  West. 
The  greater  use  of  this  crop  for  hay  and  pasturage  increases  the 
production  of  live  stock,  an  essential  factor  in  securing  the  maximum 
returns  in  any  system  of  agriculture.  It  also  aids  much  in  keeping 
the  soil  in  good  tilth  and  maintaining  its  productiveness. 

COWPEAS  FOR  SEED. 

On  a  very  large  proportion  of  the  area  planted  to  cowpeas,  little 
effort  is  made  to  harvest  seed.  Moreover,  cowpeas  have  not  been 
grown  very  extensively  for  seed  in  late  years,  thus  creating  a  high 

^Tbe  culture  and  rarieties  of  tbis  crop  have  been  discussed  in  another  publication. 
(Morse,  W.  J^  Cowpeas :  Caltore  and  varieties.  U.  8.  Dept  Agr.,  Farmers'  Bui.  1148. 
1920.) 
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price  which  has  restricted  the  use  of  the  crop.  The  principal  factors 
in  making  the  cowpea  an  undesirable  crop  to  grow  in  a  commercial 
way  for  seed  production  are  the  uncertainty  of  a  seed  crop,  the  ex- 
pense of  harvesting,  and  the  low  yields  generally  obtained.  How- 
ever, the  value  of  the  crop  for  forage  and  soil  improvement  and  the 
high  price  of  seed  make  it  highly  desirable  for  every  farmer  to 
grow  sufficient  seed  to  supply  at  least  his  own  needs.  At  high  prices, 
most  farmers  do  not  feel  that  they  can  afford  to  buy  seed  for  soil- 
improvement  purposes.  With  a  small  acreage  harvested  each  year 
for  seed,  a  supply  will  always  be  available  for  farm  use. 

The  demand  for  seed  of  well-known  varieties  has  kept  the  prices 
in  recent  years  so  high  as  to  make  cowpea-seed  production  a  profit- 
able line  of  farming.  Localities  well  suited  to  its  production  will 
find  it  highly  profitable  to  grow  seed  on  a  large  scale,  especially  if 
the  best  machinery  for  handling  the  crop  is  used. 


Fig.  1. — A  field  of  the  Victor  cowpea  grown  for  seed  production. 

Cowpea  seed  has  a  high  feeding  value,  but  it  is  not  cheap  enough 
to  use  for  feed.  It  is  a  very  palatable  and  nutritious  human  food 
and  is  quite  generally  used  as  such  throughout  the  Southern  States. 

TIME  OF  HARVESTING. 

Cowpeas  ripen  so  unevenly  that  it  is  difficult  to  judge  just  what 
is  the  proper  stage  of  maturity  to  cut  for  seed.  With  nearly  all 
varieties  except  under  certain  conditions,  as  in  the  cowpea  areas  of 
California,  blossoms  and  green  and  ripe  pods  occur  at  the  same 
time,  and  this  condition  continues  usually  until  frost. 

In  harvesting  cowpeas  for  seed  the  vines  should  be  allowed  to 
mature  a  greater  percentage  of  pods  than  when  cut  for  hay.  (Fig. 
1.)  In  general,  the  crop  should  be  harvested  when  one-half  to  two- 
thirds  of  the  pods  are  matured.  Although  some  loss  will  occur  as 
a  result  of  overripe  pods  shattering  the  seed,  more  seed  will  be 
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obtained  than  if  the  crop  is  harvested  before  a  large,  percentage  of 
the  pods  are  ripe. 

METHODS  OP  HARVESTING. 

Various  methods  of  harvesting  the  cowpea  for  seed  are  employed 
in  different  sections  of  the  cowpea  region.  Hand  picking  (fig.  2)  is 
the  most  common  way  of  saving  the  seed,  although  the  most  ex- 
pensive and  laborious,  and  is  the  only  practical  method  when  the 
crop  is  grown  in  com.  Small  fields  of  cowpeas,  grown  alone  for 
seed,  are  often  hand  picked,  especially  the  edible  sorts,  as  the  Black- 
eye  and  White  varieties.  In  this  way  the  seed  can  be  gathered  as 
the  pods  ripen.    The  pods  are  gathered  at  a  fixed  price  per  hundred 


Fig.  2. — Harvesting  cowpeas  for  seed  by  the  hand-picking  method. 

pounds,  the  rate  depending  on  labor  conditions,  or  the  picker  re- 
ceives one-third  to  one-half  of  the  total  quantity  gathered.  When 
hand  picked,  the  seed  yield  is  much  larger,  is  of  a  better  quality,  and 
a  higher  price  is  obtained.  The  pods  are  picked  by  hand  into  bags 
and  stored.  When  thoroughly  dry,  the  seeds  are  either  beaten  out 
with  flails  (fig.  3)  or  the  pods  are  run  through  a  pod  huller.  The 
seed  is  then  cleaned  by  running  it  through  a  fanning  mill. 

Another  method  of  harvesting  by  hand  is  to  pull  up  the  vines 
or  to  cut  with  a  com  knife  or  sickle.  The  vines  are  placed  in  small 
shocks  and  left  in  the  field  until  well  cured.  This  method  is  slow 
and  only  practicable  where  tjie  acreage  is  small. 

When  large  fields  are  grown  for  seed  production,  various  machines 
are  used  for  cutting  the  vines..    Some  difficulty  is  experienced  in 
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harvesting  cowpeas  by  machinery,  due  principally  to  the  vining 
habit  of  the  plant.  The  mowing  machine  is  very  generally  used. 
The  chief  objection  to  this  is  the  fact  that  the  machine  and  horses 
have  to  pass  over  the  crop  while  in  the  swath,  which  shatters  the 
seed  badly.  This  may  be  avoided,  however,  by  attaching  a  bunch- 
ing or  windrowing  attachment  to  the  cutter  bar  of  the  mowing  ma- 
chine, which  lifts  the  vines  as  they  are  cut  and  carries  them  to  one 
side,  out  of  the  way  of  the  next  round.  This  method  also  leaves  the 
plants  in  a  more  desirable  condition  for  curing  and  handling. 

The  self-rake  reaper  (fig.  4)  has  given  very  satisfactory  results, 
as  the  vines  are  placed  in  bunches  of  convenient  size  for  handling 
and  curing,  out  of  the  way  of  the  machine  and  team. 


Fig.  3. — Flailing  out  cowpea  seed,  a  method  used  to  some  extent  in  the  Southern 

States. 

Several  types  of  bean  and  i)ea  picking  machines  are  on  the  mar- 
ket, but  are  not  extensively  used.  These  machines  gather  the  pods 
from  the  vines  in  the  fields.  The  crop  must  be  planted  in  rows  for 
the  most  successful  application  of  the  pea  picker,  and  the  entire 
plant  must  be  mature  and  dry  before  the  machine  will  do  satisfactory 
work. 

The  bean  harvester,  of  which  several  types  commonly  are  employed 
in  harvesting  field  beans,  will  work  well  with  cowpeas  planted  in 
rows.  The  most  successful  of  these  harvesters  are  constructed  so  that 
the  long  knives  run  under  the  vines,  cutting  off  the  stems  beneath  the 
surface  of  the  ground.  In  the  Blackeye  pea  districts  of  California, 
a  bean  cutter,  consisting  of  a  pair  of  sharp  knives  about  3J  feet  long 
and  mounted  on  a  sled  from  which  they  stand  inward  and  slope 
backward  at  an  angle  of  60°,  is  the  cominonest  method  of  harvesting. 
The  sled  straddles  two  rows  and  the  knives  are  set  to  run  about  2 
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inches  beneath  the  surface  of  the  soil,  cutting  the  roo|^  where  they 
are  soft  and  leaving  the  plants  in  one  windrow. 

When  cut,  the  vines  should  be  allowed  to  cure  until  thoroughly  dry. 
The  curing  or  drying  may  be  done  in  the  swath,  cock,  stack,  or  bam 
as  desired,  weather  conditions  largely  determining  the  method  to  be 
employed.  Although  the  amount  of  work  required  is  greater,  the 
hay  or  straw  is  of  better  quality  if  the  curing  or  drying  is  done  in 
the  stack  or  bam.  The  belief  is  general  that  weevils  will  not  affect 
the  i^ed  stored  in  the  pods.  Experience,  however,  shows  that  the 
damage  from  the  weevil  seems  to  be  about  as  great  to  the  seed  in  the 
pod  as  in  the  seed  thrashed  and  stored. 


Fig.  4. — Harvesting  cowpeas  for  seed  with  a  self-rake  reaper. 
METHODS  OF  THRASHING. 

The  ordinary  grain  separator  can  be  adjusted  to  thrash  cowpeas 
successfully  and  is  the  machine  most  generally  used.  For  the  best 
results  in  thrashing  cowpeas  the  essential  point  is  to  maintain  a  low 
and  even  speed  of  the  cylinder,  300  to  400  revolutions  per  minute, 
while  the  speed  of  the  rest  of  the  machine  should  be  maintained  as  for 
thrashing  wheat  or  oats.  Although  satisfactory  results  are  obtained 
with  an  ordinary  separator,  it  is  generally  found  that  too  many  of 
the  pods  pass  through  unopened  with  the  straw,  the  machine  is  easily 
choked  by  the  tangled  vines  wrapping  around  the  cylinder,  and  the 
percentage  of  cracked  seed  is  usually  large. 

Several  modifications  of  thrashing  machines  (fig.  5)  have  been  de- 
vised for  handling  cowpeas.  Many  of  these  machines  have  adopted 
the  use  of  two  cylinders.  The  cylinders  are  adjusted  to  run  at  differ- 
ent speeds,  the  front  one  about  300  revolutions  and  the  rear  one 
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about  450  renplutions  to  the  minute.  The  employment  of  two  cylin- 
ders results  in  a  smaller  percentage  of  unopened  pods  passing 
through  with  the  straw,  but  in  a  somewhat  larger  percentage  of 
cracked  peas. 

Another  modification  applied  to  machines  with  either  one  or  two 
cylinders  is  the  sharpening  of  the  teeth  on  the  concaves  or  on  both 
the  concaves  and  cylinders.  The  sharp  teeth  cut  the  vines  and  this 
prevents  them  from  wrapping  around  the  cylinder.  Moreover,  the 
power  required  is  materially  reduced  and  the  percentage  of  cracked 
seed  is  decidedly  less.  The  straw  is  finely  chopped,  thus  being  in 
excellent  condition  for  feeding. 

One  of  the  most  successful  thrashers  yet  devised  is  that  in  which 
the  teeth  of  both  cylinder  and  concaves  are  sharpened  and  there  is 
a  minimum  of  clearance.    The  concaves  are  arranged  in  two  sets, 


Fig.  5. — Thrashing  seed  in  the  Blaclceye  cowpea  region  of  California. 

one  of  two  rows  and  the  other  of  three.  The  percentage  of  cracked 
seed  is  very  small,  the  vines  are  finely  chopped,  and  all  of  the  seeds 
are  released  from  the  pods. 

In  thrashing  cowpeas  it  is  necessary  to  have  sufficient  power  to 
give  a  uniform  speed  to  the  separator.  It  is  also  essential  that  the 
c^'lind^r  be  kept  uniformly  full  in  order  to  get  the  best  results,  as 
running  empty  increases  the  number  of  cracked  seed, 

STORAGE  OF  SE;B]^, 

Cowpea  seed,  if  good,  can  be  stored  for  ^  considerable  length  of 
time  without  much  danger  of  loss  of  vitality,  ^s  shqwn  ii^  Tafele  J. 
If  the  peas  are  sufficiently  cured  in  the  field,  mo^,  or  stapk  ^efqpe 
thrashing,  there  is  little  danger  of  heating.  However,  seed  not  prqp-. 
erly  cured  or  stored  quickly  loses  its  vitality ;  consequently  a  gerpai-. 
nation  test  is  always  advisable^ 
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Cowpea  seed  is  subject  to  attack  from  insects,  especially  the  cow- 
pea  weevil.  There  are  usually  some  weevils  in  the  seed  when 
thrashed  and  placed  in  storage,  and  in  a  warm  temperature  they 
emerge  and  lay  their  eggs  upon  the  other  stored  seed. 

In  the  Southern  States,  on  account  of  the  injury  to  stored  grain, 
it  has  been  found  desirable  in  many  cases  to  place  in  cold  storage 
the  seed  intended  for  planting.  This  is  not  very  expensive  and  has 
been  found  to  be  a  practicable  way  of  preserving  the  seed. 

Table  I  gives  the  results  of  germination  tests  with  seeds  of  differ- 
ent vari^ies  kept  for  4,  7,  and  10  years  in  a  storeroom. 


Table  I 

. — Oertninatian  of  seed  of  standard  varieties  of 
for  different  periods. 

cowt>€as  wh 

en  stored 

Variety. 

Length  of  time 
seed  was  stored. 

Variety. 

Length  of  time 
seed  was  stored. 

4         7 
years.  yewTj. 

10 
years. 

4 
years. 

7 
years. 

10 
years. 

WWDooorwilL 

.percent.. 

do.... 

do..-. 

do.... 

do.... 

Ho-... 

96 

73 

60.5 

38 

79 

50 

03.5 
01 
17.5 
8 
82 
36.5 

79.5 
18 
14.5 
1.5 

"*6" 

Blackeve percent.. 

Red  Ripper do.... 

Grolt do.... 

Michigan  Favorite do. . . . 

Extra  Early  Blackeye. .  .do. . . . 

22 
3.5 
0 
0 
0 

3.5 
.5 
0 
0 
0 

0 

Iron 

Ctey 

'^'^ " 

0 
0 

Cowpea  seed  more  than  2  years  old  ordinarily  has  lost  much  of  its 
viability.  Good  viable  seeds  are  uniformly  bright  colored,  while 
seeds  which  have  been  exposed  to  moisture  or  are  dead  are  duller 
and  darker  in  color. 


PROPORTION  OF  SEED  TO  HULLS. 


In  view  of  the  fact  that  gathering  the  pods,  by  hand  is  very  gen- 
erally practiced  throughout  the  South,  the  proportion  of  seeds  to 
pods  is  a  matter  of  importance.  The  results  obtained  at  different 
experiment  stations  indicate  that  the  proportions  of  seed  and  hulls 
vary  according  to  the  variety  and  locality,  as  shown  in  Table  II. 


T.vBLK  II. — Weight  of  seed  in  100  pounds  of  pods  of  standard  varieties  of 

•  cowpeas. 


Variety. 


Ala-  JArkan- 
bama. 


Ar- 
ling- 
ton 
Farm, 
Va. 


Variety. 


Ala- 
bama. 


Arkan- 


Ar- 
ling- 
ton 
Farm, 
Va. 


Whiupoorwin. pounds.. 

Nevr  Era. do.... 


Oroft do. 

Brabham do. 

&0O. do. 

Clay do — 

WoDderiul do.... 


«7.3 
61.8 


05.3 
58.3 


05.2 

07.8 

63.1 

69.2 

66 

63.5 


Red  Ripper pounds. 

Taylor do... 

Large  Blackeve do. . . 

Extra  Early  Blackeye  do. . . 

Black. do... 

California  Blackeye. .  .do. . . 
Early  Buff do... 


71 
77 
77 
76 
76 


66 

64.7 

71.2 

75 

73.2 


67 

72 

76.8 

72.8 

71.7 

73.8 

73 


185334**— 20 2 
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FEEDING  VALUE*  OF  COWPEAS. 

Cowpea  seed  is  rarely  obtainable  at  a  price  sufficiently  low  to  justify 
its  use  as  a  feed.  However,  in  thrashing,  more  or  less  seed  may  be 
broken,  making  it  unfit  for  planting.  Such  seed  ground  and  mixed 
with  com  meal  or  other  ground  grain  makes  especially  good  feed  for 
bogs  and  dairy  cows.  The  composition  of  cowpea  seed,  as  shown  in 
Table  III,  indicates  that  it  is  of  high  feeding  value  in  comparison 
with  other  feeding  stuffs.  The  Alabama  Agricultural  Experiment 
Station  ^  used  cowpeas  for  fattening  pigs  with  excellent  results.  In 
other  feeding  trials  at  the  station  mentioned  cowpeas  and  com  were 
found  practically  equal  in  feeding  value  when  fed  separately,  but  a 
mixture  of  both  proved  more  satisfactory  than  either  alone.  The 
Delaware  Agricultural  Experiment  Station*  reports  that  feeding 
weevil-eaten  cowpea  seed  to  12  calves  as  a  substitute  for  wheat  bran 
at  the  same  price  per  ton  resulted  in  a  saving  of  $7.20  per  month.  Ex- 
cellent results  have  been  obtained  by  feeding  cowpea  seed,  either 
whole  or  cracked,  to  poultry. 

Table  III. — Digestible  nutrients  of  cowpea  seed  in  comparison  with  those  of 

other  feedstuffs.^ 


Digestible  nutrients  in  100 
pounds. 

Feeding  stuff. 

Digestible  nutrients  in  100 
pounds. 

Feeding  stuff. 

Pro- 
tein. 

Carbo- 

Fat. 

Total. 

Pro- 
tein. 

Carbo- 

hy- 
draiee. 

Fat. 

ToUl 

Cowpea pounds. . 

Canada  pea do.... 

Soybean do.... 

Wheat  bran do.... 

19.4 
19.0 
30.7 
12.6 

64.5 
65.8 
22.8 
41.6 

1.1 

.6 

14.4 

8.0 

76.4 
76.2 
85.9 
60.9 

Oats pounds.. 

Wheat  middlings. do. . . . 

Velvet  bean do.... 

Com do.... 

9.7 
15.7 

lai 

7.7 

62.1 
62.8 
60.8 
66.1 

3.8 
4.3 
5.3 
4.6 

70.4 
78.2 
80.8 
84.2 

o  Hemy,  W.  A.,  and  Morrison,  F.  B.    Feeds  and  feeding.    Ed.  17,  x,  691  p.    Madison,  Wis.,  1917. 
COWPEAS  FOR  HUMAN  FOOD. 

The  cowpea  is  generally  and  favorably  known  as  a  table  food  in 
the  Southern  States.*  Its  limited  use  in  the  dietary  of  other  parts 
of  the  United  States  is  due  chiefly  to  the  fact  that  the  culture  of  the 
cowpea  has  been  confined  principally  to  the  South.  No  great  effort 
has  been  made  to  create  a  general  market,  and  competition  with  the 
navy  or  field  beans  in  the  North  has  not  been  developed.  It  is  a 
most  wholesome  and  nutritious  foodstuff,  from  which  a  great  variety 
of  palatable  as  well  as  economical  dishes  can  be  made. 

Cowpeas  are  used  in  three  forms  for  human  food — in  the  pod, 
shelled  green,  or  shelled  dried.    In  these  forms  they  correspond,  re- 

'  Duggar,  J.  F.    Peanuts,  cowpeas,  and  sweet  potatoes  as  food  for  pigs.    Ala.  Agr.  E2xp. 
Sta.  Bui.  03,  p.  113-134.     1808. 

*  Neale,  A.  T.  The  development  of  a  dairy  herd.  In  Del.  Agr.  Bxp.  Sta.,  12th  Ann. 
Rept.     [1800]  1000,  p.  8-13.     1001. 

*  I^angworthy,  C.  P.,  and  Hunt,  Caroline  Lr.  Use  of  com,  kaflr,  and  cowpeas  in  the 
home.    U.  S.  Dept  Agr.,  Farmers'  Bui.  560,  12  p.    1013. 
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spectively,  to  string  beans,  shelled  green  peas,  and  dried  navy  beans 
and  call  for  much  the  same  methods  of  preparation  for  the  table. 

Undoubtedly  the  cowpea  is  of  the  greatest  palatability  from  the 
time  the  pods^begin  to  turn  yellow  until  they  begin  ,to  shrink  in 
ripening.  At  this  stage  they  are  much  larger  than  when  fully 
mature  and  dry,  are  more  easily  cooked,  and  of  better  flavor.  The 
color  of  the  seed  has  much  to  do  with  the  popularity  of  the  cowpea 
for  table  use.  The  White  varieties,  such  as  the  Conch,  Cream,  or 
Lady,  and  the  Blackeye  varieties,  such  as  the  California  Blackeye 
and  Large  Blackeye,  are  preferred  to  the  colored  varieties. 

YIELDS  OP  SEED. 

The  yield  of  seed,  like  that  of  hay,  depends  to  a  very  large  extent 
upon  conditions  of  weather,  soil,  culture,  and  variety.  In  many 
sections  the  cowpea  is  rather  an  uncertain  crop,  as  the  yield  of  seed 
varies  greatly  from  year  to  year.  The  seed  yields  of  the  most  impor- 
tant commercial  varieties  reported  by  investigators  at  various  agri- 
cultural experiment  stations  are  shown  in  Table  IV.  In  general, 
the  figures  show  the  average  yields  for  a  number  of  years  and  indi- 
cate the  best  seed-producing  sorts. 

Table  IV. — Yields  of  seed  to  the  acre  of  the  best  varieties  of   cowpeas  at 
different  agricultural  experiment  stations. 


Variety. 


Black 

Biftbham. 

CU&riiJa' Blackeye! 

Early  BulT 

Extra  Early  Blackeye. 

Greit. ;. 

Iroo. 

Larfe  Blackeye 

Mirh^an  Favorite.. 

Ifooetta 

New  Era 

Bed  Ripper 

Taykjr. 

Unknown 

WhippoorwilL 


Average  yield  of  seed  per  acre  (busheb). 


21.1  13.  o'. 


10.8 


16.4 


14 
17.0 


22.0 

19. 

23.6 

14.7 

12.4 


2.4 


6.0^. 
6.0. 


!    6.4 

18.7.. 
4.6 


12.71. 


15.7 


9.8 


29. 


23.6 


39.9 
11. 
19. 
2.5 
25.6 


I 


7.4 


19.9 
11.1 
6.6  34.3 
5.9 


5.4 
8.2; 
7.4! 
5.6 
8.2 


15.8 
31.3 


15.6 

3.5 
13.2 


6.9 
27.7 
11.3 
30.5 
25.3 


8.1 
'6.3 


1&3 


11.1 


10.9 
4.1 


14.2     9.9 

■*7."2 

'i9.'3 


2.5 
12.7 
11.2 


14.0  12.4 
7.9 
11. 

.5 
11.5 


14.2 
29.1 
14.0 


26.8 

14. 

17. 


18.61  12.9 

I  10.0 

14.4   13.7 


14.8 
17.5 
14.8 
11.4 


22.3 

14.2^    8.3 
21. 
10.0 
28.5 


14.0' 


9.2 
17.3 

8.3 
21.7 

7.9 

10.9 

14.0  14.7 


14.2 
10.6 
4.4 

14.8 


8.1 


2.2 
3.3 


5.0 
2.0 
2.4 
1.5. 

^1 


13.0 


13.3 
16.3 


9.9 


9.3 
21.7 


24.2 

ii'.b 


13.8 


20.3  20.0 
4.0^  10.6 
2.1 


12.6 
7.2 
8.3 

14.3 


9.7 
13.4 
16.5 


16.3 
19.7 
18.8 
27.3 
10.9 


17.0  26.8 
19.8 
1.3  13.2 
9.6  25.2 

2.7 

18.6 


10.1 


^ArliD^on  E^xperiment  Farm. 


COWPEA  STRAW. 


The  straw  obtained  from  thrashing  the  cowpea  for  seed  is  a  val- 
uable feed  for  all  kinds  of  stock.  Although  no  data  from  feeding 
tests  with  this  straw  are  available,  farmers  and  liverymen  who  have 
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used  it  claim  that  it  is  an  excellent  feed,  some  even  preferring  it  to 
cowpea  hay.  No  ill  effects  have  been  reported  from  its  use.  Table 
V  gives  the  digestible  nutrients  of  cowpea  straw  in  comparison  with 
those  of  the  straw  of  other  crops  commonljmsed  for  f^ieding. 

Table  V. — Digestible  nutrients  of  cowpea  straw  compared  with  those  of  the 
straw  of  other  important  crops} 


Digestible  nutrients  in 
100  pounds. 

Kind  of  straw. 

Digestible  nutrients  in 

Kind  of  straw 

Pro- 
tein. 

Carbo- 
hy- 
drates. 

Fat. 

Total. 

Pro- 
tein. 

Carbo- 
hy- 
drates. 

Fat. 

TotoL 

Cowpea pounds.. 

Soybean do 

Oat do.... 

3.4 

2.8 
1.0 

39.1 
38.5 
42.6 

0.7 

1.0 

.9 

44.1 
43.6 
45.6 

Wheat pounds. . 

Rice r^.... 

Barley do.... 

0.7 
.9 
.9 

35.1 
87.8 
40.2 

0.5 
.8 
.6 

86.9 
42.8 
48.5 

*  Henry  W.  A.,  and  Morrison,  F.  B.  Feeds  and  Feeding.  Ed.  17  z,  601  pc  Madtson. 
Wia.,  1917. 

COWPEAS  FOR  HAY. 

If  cut  at  the  right  stage  of  growth  and  properly  handled,  csowpeas 
make  excellent  hay  of  high  feeding  value.  This  hay  is  as  valuable 
as  that  from  other  leguminous  crops  and  is  greatly  relished  by  all 
farm  animals.  Throughout  the  Southern  States  cowpea  hay  has 
been  extensively  used  and  is  the  main  dependence  for  hay  on  the 
plantations.  Well-cured  cowpea  hay  has  proved  satisfactory  for 
work  stock  and  for  beef  or  milk  production  and  has  given  good 
results  when  fed  to  poultry,  hogs,  and  sheep.  Cowpea  hay  is  said 
to  be  better  suited*  for  feeding  to  cows  than  to  horses.  Partly  on 
this  account  and  partly  because  of  the  difficulty  often  experienced  in 
properly  curing  the  large  growth  of  succulent  vines  and  its  coarse- 
ness and  unevenness  in  quality,  cowpea  hay  has  but  little  standing 
in  the  city  markets.  When  it  becomes  generally  recognized  that 
cowpea  hay  is  a  source  of  protein  which  can  be  raised  on  the  farm, 
the  quantity  of  high-priced  concentrated  feeds  purchased  for  young 
animals  or  dairy  cows  will  be  very  materially  reduced. 

TIME  AND  METHOD  OF  CUTTING. 

As  a  rule  cowpeas  should  not  be  cut  for  hay  before  the  pods  begin 
to  turn  yellow.  The  best  quality  is  produced  and  the  hay  cures 
most  readily  if  the  vines  are  cut  when  most  of  the  pods  are  full 
grown  and  a  considerable  number  of  them  are  mature.  At  that  stage 
of  growth  none  of  the  best  hay  varieties  will  have  dropped  their 
leaves  and  the  plants  will  have  practically  attained  their  full  growth. 
If  cut  before  this  stage,  the  vines  are  watery  and  difficult  to  cure, 
while  if  left  too  late  before  cutting  there  will  be  an  unnecessary  loss 
of  leaves  in  handling  and  the  stems  wiU  be  tough  and  woody. 
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Under  favorable  conditions  cowpeas  after  being  cut  for  hay  will 
sprout  again  from  the  base.  Considerable  pasturage  or  even  a  sec- 
ond crop  of  hay  or  seed  is  sometimes  produced,  especially  in  the  Gulf 
coast  region,  if  good  moisture  conditions  follow  the  first  cutting. 
Ordinarily,  however,  but  a  single  cutting  can  be  obtained. 

The  ordinary  mowing  machine  (fig.  6)  is  the  most  practical  ma- 
chine for  cutting  cowpeas  for  hay.  If  an  erect  variety  is  grown,  the 
entire  plant  can  readily  be  saved.  When  grown  on  a  small  scale 
or  between  the  rows  of  com,  cowpea  hay  is  sometimes  harvested  by 
pulling  the  vines  by  hand  and  throwing  them  into  small  cocks  to 


Fio.  6. — The  mowing  machine  \b  the  moet  practical  implement  in  use  for  liaryesting 

cowpea  hay. 

remain  until  cured.     Scythes  are  also  sometimes  used  in  harvesting 
small  areas. 

CURING  COWPEA  HAY. 

Cowpea  hay  is  somewhat  difficult  to  cure  if  not  properly  handled, 
but  with  attention  as  to  stage  of  growth  and  weather  conditions 
little  more  trouble  will  be  experienced  in  obtaining  well-cured  cow- 
pea hay  than  red-clover  or  alfalfa  hay.  Numerous  methods  of  cur- 
ing are  employed  in  various  sections  of  the  cowpea  region,  many 
of  which  are  to  be  recommended. 

The  cutting  should  begin  as  soon  as  the  dew  is  off  and  the  indica- 
tions are  for  favorable  haymaking  weather.  The  vines  should  be 
left  in  the  swath  until  well  wilted  on  top,  but  not  until  the  leaves  are 
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dry  and  brittle.  If  the  growth  is  very  heavy  the  hay  tedder  should 
immediately  follow  the  mower,  so  as  to  insure  uniform  drying  con- 
ditions. The  hay  tedder  may  be  also  used  to  good  advantage  on 
the  vines  in  the  swath  when  the  wilted  stage  of  curing  arrives,  as 
it  allows  them  to  dry  out  more  uniformly.  The  vines  should  then 
be  raked  into  small  windrows  and  left  for  one  or  two  days.  The 
tedder  is  also  valuable  for  opening  the  windrows  a  half  day  or  a 
day  before  cocking,  or  an  ordinary  rake  can  be  used  for  turning 
the  windrows  over.  The  tedder  should  never  be  used  except  in  the 
morning  when  the  vines  are  damp;  otherwise,  too  many  leav^ 
would  be  lost.  After  one  or  two  days  in  the  windrow,  the  hay  should 
be  thrown  into  small  cocks  of  one  or  two  forkfuls  in  order  to  permit 
circulation  of  the  air.  The  cocks  should  be  made  as  high  and  as  nar- 
row as  possible  and  still  permit  them  to  stand  well,  and  should  be  left 
until  the  vines  are  well  cured,  or  from  two  to  six  days,  depending  on 
the  conditions  which  have  prevailed  during  the  curing  period.  Then 
they  should  be  opened  a  few  hours  before  hauling  or  hauled  without 
opening,  according  to  the  condition  of  the  hay.  A  good  rule  to  fol- 
low is  that  pea- vine  hay  is  ready  for  stacking  or  putting  in  the  bam 
when  it  is  not  possible  to  wring  moisture  out  of  the  stems  by  twisting 
a  handful  with  considerable  force.  Cowpea  hay  should  be  cured  with 
as  little  exposure  to  the  sun  as  possible.  Too  long  exposure  will 
cause  the  loss  of  the  leaves,  the  most  nutritious  part  of  the  plant. 

If  wet  weather  sets  in  directly  after  mowing,  it  is  not  advisable 
to  handle  the  vines  at  all  until  after  the  rain.  If  the  vines  are  fairly 
mature  before  cutting,  a  wet  spell  during  haymaking,  unless  pro- 
longed, is  not  of  serious  consequence.  If,  however,  the  vines  are 
immature  when  cut,  great  diflSculty  is  always  experienced  in  unfavor- 
able weather  in  curing  the  hay. 

Many  special  devices  are  used  more  or  less  in  curing  cowpea  hay. 
The  most  common  of  these  is  a  pole,  usually  with  crosspieces  nailed 
at  right  angles,  around  which  the  vines  are  placed.  Triangular 
frames  (fig.  7),  from  2  to  3  or  more  feet  high,  built  of  poles  with 
crosspieces  to  hold  them  together,  are  used  to  some  extent  in  the 
same  manner.  The  object  of  these  devices  is  to  keep  the  vines 
from  becoming  too  tightly  packed  and  to  have  an  air  space  in  the 
center  of  the  cock.  These  devices  give  excellent  results  in  curing 
cowpeas,  but,  on  account  of  the  increased  cost  and  labor  involved, 
are  not  in  general  use. 

Another  method  successfully  practiced  in  some  localities  is  that  of 
placing  the  vines  on  poles  or  frames  as  soon  as  cut.  The  vines  will 
form  a  good  surface  to  shed  water  and  should  be  left  to  stand  two 
or  three  weeks,  or  until  ready  to  stack. 

The  use  of  salt  has  been  reconmiended  by  many  successful  growers. 
Although  not  essential,  undoubtedly  the  hay  is  improved  in  palata- 
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bility,  and  it  may,  in  the  case  of  hay  not  entirely  cured,  assist  in 
preventing  fermentation.  About  8  quarts  of  salt  are  used  to  1  ton 
of  hay. 

FEEDING  VALUE  OF  THE  HAY. 

The  feeding  value  of  cowpea  hay  has  long  been  recognized  through- 
out the  Southern  States,  it  having  been  used  extensively  for  all 
kinds  of  stock.  Well-cured  cowpea  hay  is  fully  as  valuable  a  feed, 
pound  for  pound,  as  red-clover  hay,  and  its  value  nearly  equals  that 
of  alfalfa  hay  or  wheat  bran.  It  has  given  satisfactory  results  when 
fed  alone  to  work  stock  and  has  been  used  successfully  as  a  mainte- 
nance ration  for  horses,  mules,  cattle,  and  sheep,  and  even  for  hogs 
and  poultry. 


Fig.  7. — Cowpeas  being  cured  on  frames  for  hay. 

The  chief  value  of  cowpea  hay  lies  in  its  high  percentage  of  digesti- 
ble protein,  which  has  been  verified  by  numerous  feeding  tests. 
Table  VI  shows  comparative  analyses  of  important  hay  crops. 

Table  VI. — Analyses  of  cowpea  hay  and  other  important  hay  crops} 


Constituents  (percent). 

Kind  of  hay. 

Moisture. 

Protein. 

Fat. 

Nitrogen- 

free 
extract. 

Ash. 

Fiber. 

Cowpea  

10.4 
8.4 
8.7 
13.2 
12.9 

16.1 
15.9 
15.9 
7.1 
13.6 

3.2 
3.9 
2.7 

2.8 
3.4 

40.3 
38.8 
36.8 
43.3 
39.1 

10.2 
8.9 
8.8 
5.4 
6.9 

19  8 

Soy  bean 

24.1 

Alfalfa 

27  1 

Timcthy 

28.2 

Red  clover 

24  1 

I  Average  analyses,  as  reported  by  Cc .  L.  Bidwell,  of  the  Bureau  of  Chemistry. 

The  Missouri   Agricultural   Experiment  Station,^   in  comparing 
cowpea  hay  with  timothy  in  wintering  yearling  steers,  found  that 

*  Grantham,  A.  E.    Cowpeas.    Mo.  Agr.  Exp.  Sta.  Bui.  73,  60  p.,  lllus.     1906. 
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when  fed  with  com  the  substitution  of  cowpea  hay  for  timothy  hay 
more  than  doubled  the  gains.  In  another  feeding  test  at  the  same 
station,  comparing  cowpea  hay  with  clover  hay  and  timothy  hay  for 
feeding  steers,  the  steers  made  nearly  50  per  cent  better  gain  with 
cowpea  hay  than  with  timothy,  and  it  was  found  that  cowpea  hay 
and  red-clover  hay  had  nearly  the  same  feeding  value.  In  a  test  at 
the  North  Carolina  Agricultural  Experiment  Station*  the  rations 
fed  for  three  months  to  two  high-grade  Percheron  mares,  used  as  a 
team  and  receiving  the  same  care  and  shelter,  differed  only  in  the  use 
of  10  poimds  of  cowpea  hay  for  the  one  and  the  same  quantity  of 
wheat  bran  for  the  other.  The  horse  fed  on  bran  held  its  own  in 
weight,  while  the  one  fed  on  cowpea  hay  gained  a  little. 

The  Tennessee  Agricultural  Experiment  Station^  reports  that  in 
the  production  of  milk  and  butter  IJ  pounds  of  chopped  cowpea 
hay  is  equivalent  to  1  pound  of  wheat  bran  and  3  pounds  of  chopped 
cowpea  hay  to  1  pound  of  cottonseed  meal.  In  beef  production,  the 
same  station  ^  found  that  6  to  10  pounds  of  cowpea  hay  could  be  sub- 
stituted for  3  to  5  pounds  of  cottonseed  meal.  At  the  Alabama  Agri- 
cultural Experiment  Station,®  in  feeding  experiments  with  milk 
cows,  results  show  that  cowpea  hay  increased  the  yield  of  butter  11 
per  cent  as  compared  with  wheat  bran,  although  more  cowpea  hay  was 
consumed.  The  tests  indicate  that  cowpea  hay  can  be  substituted  for 
a  part  of  the  bran  ration  with  satisfactory  results.  The  Oklahoma 
Agricultural  Experiment  Station,^®  in  feeding  experiments  with  sheep, 
used  four  lots  of  10  lambs  each,  the  feeding  period  covering  20  weeks. 
The  rations  fed  were  as  follows:  (1)  Alfalfa  and  cowpea  hay,  with 
corn  meal ;  (2)  com  stover  and  alfalfa  hay,  with  com  meal  and  cot- 
tonseed meal,  3  to  1;  and  (3)  prairie  hay,  with  the  last-mentioned 
grain  mixture.  The  total  gains  for  each  lot  ranged  from  393  pounds 
on  the  prairie-hay  ration  to  521  pounds  on  the  cowpea  hay  and  cora- 
meal  ration.  Gain  was  most  cheaply  made  on  the  cowpea-hay  ration, 
and  most  expensively  on  the  prairie-hay  ration.  In  a  continuation 
of  previous  work  the  West  Virginia  Agricultural  Experiment  Sta- 
tion ^^  reports  results  of  three  tests  with  lambs,  comparing  cowpea 
hay  with  mixed  timothy  and  clover  hay,  with  and  without  shelled 
corn.    The  lambs  receiving  cowpea  hay  were  fed  each  year  at  a  profit, 

•Burkett,  C.  W.  Feeding  farm  horses  and  mules.  N.  C.  Agr.  Exp.  Sta.  Bol.  189, 
p.  99-127.     1903. 

'  Soule,  A.  M.,  and  Barnes,  S.  E.  The  relative  value  of  protein  In  cottonseed  meal, 
cowpea  hay,  and  wheat  bran.  Tenn.  Agr.  Exp.  Sta.  BuJ.,  v.  15,  no.  4,  p.  143-163,  illus. 
1902. 

•Soule,  A.  M.,  and  Fain,  J.  R.  Feeding  native  steers.  Tenn.  Agr.  Exp.  Sta.  BnL, 
V.  15,  no.  3,  p.  111-140,  illus.     1902. 

^  Duggar,  J.  F.  Vetch,  cowpeas,  and  soy  bean  hay  as  substitutes  for  wheat  bran.  Ala. 
Agr.  Exp.  Sta.  Bui.  123,  p.  51-72.     1903. 

w  McDonald,  W.  T.,  and  Malone,  J.  S.  Sheep  feeding.  Okla.  Agr.  Exp.  Sta.  Bui.  7a, 
p.  67-64.     1908. 

"  Stewart,  J.  H.,  and  Atwood,  Horace.  Lamb-feeding  experiments.  In  W.  Va.  Agr. 
Exp.  Sta.  Bui.  90,  p.  217-222.     1903, 
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while  those  receiving  the  mixed  hay  were  profitable  only  in  one 
instance. 

As  a  winter  feed  for  turkeys,  ducks,  geese,  and  chickens,  cowpea 
hay,  chopped  fine  and  moistened,  may  be  substituted  for  clover  and 
alfalfa  hay  and  for  green  feed  with  good  results.  Chopped  cowpea 
hay  mixed  with  com  meal  and  moistened  has  proved  quite  satis- 
factory for  brood  sows,  and  may  be  used  as  a  substitute  for  roots  or 
green  feed  in  winter. 

YIELDS  OF  COWPEA  HAY. 

As  with  other  hay  plants,  the  yields  of  the  cowpea  will  depend! 
to  a  large  extent  upon  the  soil,  culture,  weather  conditions,  and  the* 
Tariety.  Under  average  conditions,  the  cowpea  compares  quite  favor- 
ably in  yield  with  other  crops  commonly  grown  for  hay,  white  it 
ranks  very  high  in  yield  of  feeding  value.  The  cowpea  will  yiidd? 
frwn  1  to  2  tons  of  hay  to  the  acre,  and  frequently,  under  very  favor- 
able conditions,  much  larger  yields  are  secured.  Yields  of  hay  of 
important  varieties  of  cowpeas  at  different  experiment  stations  are^ 
shown  in  Table  VII. 


Table  VII.— rieZ<f«  of  hay  obtained  from  Unportant  varieties  of 
different  agricultural  experiment  stations. 

cowpeas  at 

Averarre  yields  per  acre  (tons). 

Vtriety. 

^ 

-< 

1 

O 

1 
1 

1 

a 

1 
i 

O 

1 

.e 

1 

0.81 
1.12 

1 

> 

1 

I 

Btecfc 

1.12 
'i.*42 

die 

.77 
1.56 

2.03 
'i'88 

0.81 
1.12 
.60 

1.76 
"i.'93 

2.23 
*i.*94 

2.27 
1.80 
2.27 

1.74 

iii 

1.32 
1.29 
.97 

1.56 
2.20 
1.36 

Brabbun 

1.75 

1.89 

1.26> 

eStBoA 

.78 

'{'.38 
.93 

1.48 
1.54 
.71 
1.90 

1.8« 

EirtfRed.*.';iI!;!.*..I.!..-. 

1.31 
1.28 
1.47 
1.35 
1.25 

'i.'49 

1.66 

*i.68 
.98 

Ext»  Early  Bbydkeye 

Croft 

.71 
1.23 
1.55 

L06 

2,17 

ioi 

1.98 
1.63 

1.56 
2.08 
1.47 

'i.63 

.48. 

Sir::::::::::::;::::::::::: 

UrwBUckcye 

IficniQui  FsTorite 



1.03 
.98 

L97 
'i.*68 

iio 

1.01 

Ifooetta.    

2L44 

1.53 
1.14 

1.07 
1.26 
1.88 
1.41 

1.60 

*i.*38 
1.10 

1.84 

1.6:^ 
i.'si 

liewEra. 

RedRipper 

1.15 
L86 

.65 
1.73 
1.86 
2.46 

.91 

.45 
.93 

.70 
.66 

.86 

1.57 

2L14 

1.77 
2.21 
2.17 
2,33 
1.92 

1.76 

1.88 

"i.si 

1.11 
1.70 
1.74 
2.14 
2.15 

1.16 
1.86 

"i'w 

.53 
.66. 

T^jte,T^;:::::::::::::::: 

2.47 

^nboim.       

1.57 
1.36 

l.OR; 

WhippoorwlU 

1.55 

2.63 

.86 

.69 

1.83 

.92 

1  Arlington  Experiment  Farm, 

COWPEAS  FOR  PASTURE. 

The  utili2:ation  of  the  cowpea  as  a  strictly  pasture  plant  is  not  con- 
sidered the  best  farm  practice,  but  under  certain  conditions  it  is  ad- 
visable and  quite  profitable.  The  cowpea  furnishes  a  pasture  crop 
during  a  period  of  the  year  when  such  forage  can  be  used  to  the  best 
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advantage.  The  small  amount  of  work  and  the  small  cash  outlay 
always  associated  with  the  grazing  of  stock  commends  the  practice  to 
the  average  farmer,  and  scarcity  of  labor  often  makes  it  necessary  to 
pasture  a  crop  whenever  possible.  Another  advantage  in  pasturing 
cowpeas  is  that  not  only  is  the  soil  beuBfited  by  the  growing  of  the 
cowpea  but  the  waste  vines  and  animal  droppings  are  also  left  on  the 
land.  The  soil,  after  cowpeas  have  been  pastured,  is  in  an  excellent 
condition  of  productivity  for  the  fall  sowing  of  wheat. 

The  best  time  for  turning  the  stock  on  cowpeas  is  when  the  crop 
has  reached  the  stage  of  maturity  considered  best  for  hay — ^that  is, 
when  the  first  pods  have  matured.  This  practice,  however,  is  not 
generally  followed,  as  it  is  usual  to  gather  at  least  a  part  of  the  seed. 
When  cowpeas  are  grown  in  corn  the  grazing  is  deferred  imtil  the 
corn  has  been  gathered.  Cattle  are  usually  turned  on  earlier  than 
hogs  or  sheep,  the  hogs  being  pastured  on  the  ripe  seed.  If  stock  are 
turned  on  when  the  plants  have  not  attained  full  size,  there  is  more 
waste  from  trampling.  As  with  most  green-pasture  crops,  there  is 
danger  of  bloat  when  sheep  or  cattle  are  first  turned  on  cowpeas, 
especially  in  wet  weather.  The  danger  from  bloat,  however,  is  far 
less  than  with  alfalfa,  and  decreases  as  the  cowpeas  become  more 
mature.  If  the  seeds  are  sufficiently  mature,  frost  will  not  greatly 
lessen  the  pasture  value  of  the  vines. 

Practical  experience  shows  that  good  results  are  obtained  by 
pasturing  cowpeas  with  any  kind  of  live  stock.  The  most  common 
practice  is  to  hog  them  down.  For  yoimg  hogs,  cowpeas  are  an  ex- 
cellent feed,  and  but  little  grain  is  required  to  bring  them  to  market 
weight.  Usually  hogs  will  feed  on  the  mature  pods  first  and  leave  the 
vines  and  leaves,  especially  when  dry.  After  pasturing  hogs  on  a 
field  for  some  time,  cattle  or  sheep  may  be  used  profitably  to  pasture 
off  the  leaves  and  vines  which  the  hogs  leave.  Sheep  may  be  used 
on  cowpeas  in  the  same  way  as  hogs.  When  sown  in  corn,  the  stover 
blades  and  cowpea  seed  make  a  fine  ration  for  fattening  fall  lambs 
and  wethers.  Dairy  cows  show  the  effect  of  such  pasturage  in  a  much- 
increased  flow  of  milk. 

At  the  Arkansas  Agricultural  Experiment  Station^*  steers  were 
fattened  on  cowpea  pasture  and  cottonseed  meal,  making  an  average 
gain  of  2  pounds  a  day  for  90  days.  As  long  as  the  cowpea  vines 
were  green  and  considerable  seed  was  available,  very  little  cotton- 
seed meal  was  eaten.  The  cost  of  each  pound  of  gain  was  only  2 
cents  for  the  cottonseed  meal,  thus  showing  the  high  value  of  the 
cowpea  pasturage.  The  Oklahoma  Agricultural  Experiment  Sta- 
tion *^  reports  that  cowpeas  planted  in  July  furnished  two  grazing 

^2  Rennet.  R.  L.  An  experiment  In  grazing  a  corn  and  cowpea  field  with  steers.  In 
Ark.  Agr.  Exp.  Sta.  Bui.  58,  pp.  07-l()0.     1800. 

u  Burtis,  F.  C.    Crop  and  forage  notes.    Okla.  Agr.  Exp.  Sta.  Bui.  48,  11  p.     1900. 
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periods  for  milk  cows  before  frost  and  that  the  flow  of  milk  was 
noticeably  increased. 

In  a  feeding  trial  at  the  Alabama  Agricultural  Experiment  Sta- 
tion^* it  was  foimd  that  pigs  fed  on  com  alone  gained  0.36  pound 
daily,  while  hogs  on  cowpea  pasture  and  com  gained  0.97  pound 
daily,  consunxing  36  per  cent  less  corn  for  each  pound  gained.  The 
same  station  ^'  conducted  a  feeding  experiment  with  pasturage  for 
dairy  cows,  using  an  upland  cornfield  from  which  the  ears  had  been 
removed  and  in  which  cowpeas  had  been  drilled  between  the  rows. 
The  field  was  first  pastured  by  three  milk  cows  and  later  by  three 
dry  cows.  The  milk  cows  in  the  meantime  received  3  pounds  of 
cottonseed  meal  daily.  On  this  pasturage  the  yield  of  milk  was 
15.8  per  cent  greater  and  the  yield  of  butter  9.5  per  cent  greater  than 
when  the  cows  with  the  same  grain  feed  ran  on  a  good  pasture  of 
Bermuda  grass,  carpet  grass,  and  lespedeza.  In  addition  to  the 
gain  of  milk  and  butter,  the  milk  cows  gained  a  total  of  85  pounds 
during  the  19  days  and  the  dry  cows  a  total  of  53  pounds  in  9  days. 

COWPEAS  FOR  ENSILAGE. 

The  cowpea  alone  has  not  proved  very  successful  as  a  silage  crop. 
Most  legumes  give  less  satisfactory  results  when  used  alone  for 
silage  than  when  mixed  with  some  other  crop,  such  as  com  or 
sorghum. 

In  addition  to  a  high  protein  content  the  green  vines  of  the  cowpea 
contain  a  large  proportion  of  water,  producing  a  watery  silage  that 
keeps  poorly  and  is  not  well  relished  by  stock.  Moreover,  the  vines 
form  a  tangled  mass,  which  is  difficult  to  cut,  and  without  cutting 
the  vines  do  not  pack  well,  allow  the  air  to  enter,  and  cause  the 
silage  to  mold. 

The  best  silage  is  obtained  when  cowpeas  are  grown  or  mixed  with 
com  or  sorghum.  Various  methods  are  employed  in  growing  and 
working  in  the  silo  the  crops  used  in  the  mixed  silage.  The  best 
results  have  been  secured  by  planting  cowpeas  at  the  same  time  with 
the  com,  using  a  cowpea  attachment  to  the  corn  planter.  Another 
common  practice  is  to  plant  the  seed  alongside  the  com  rows  at  the 
second  cultivation  and  sometimes  at  the  last  cultivation  of  the  com. 
In  some  sections  of  the  South  com  or  sorghum  and  cowpeas  are 
often  sown  in  alternate  rows. 

For  silage,  cowpeas  should  be  cut  when  the  pods  first  begin  to  turn 
yellow.  In  many  sections  alternate  rows  of  cowpeas  and  corn  are 
put  in  the  silo,  but  the  most  common  method,  perhaps,  is  one  load 

"Dttggar,  J.  F.  Peanuts,  cowpea.H,  and  tmef^t  potatoes  as  food  for  plRs.  Ala.  Agr. 
Eip.  Sta.  Bui.  93,  p.  113-134.     1808, 

Thiggar,  J.  F.,  and  Clark,  R.  W.  Feeding  experiments  with  dairy  cows.  Ala.  Agr. 
Exp.  Sta.  Bui.  114,  p.  53^0.     1901. 
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of  cowpeas  to  two  or  three  loads  of  com.  This  mixture  is  easily 
handled,  packs  quite  satisfactorily,  keeps  well,  and  makes  a  superior 
quality  of  palatable  silage.  Although  the  vines  may  be  put  in  the 
silo  without  cutting,  they  will  pack  much  closer  if  run  through  a 
silage  cutter.  Much  care  should  be  taken  to  see  that  the  silage  is 
well  distributed  and  well  packed. 

When  combined  with  either  com  or  sorghiun,  mixed  silage  has  a 
greater  feeding  value  than  either  com  or  sorghum  silage  alone.  As 
cowpeas  are  relatively  high  in  protein,  the  mixed  silage  furnishes  a 
better  balanced  ration.  In  testing  the  value  of  cowpea  silage  as  a 
substitute  for  bran  with  milk  cows,  the  Delaware  Agricultural  Ex- 
periment Station  ^*  found  that,  considered  on  the  basis  of  milk  and 
butter,  the  balance  was  in  favor  of  cowpeas.  The  same  station,  in 
comparing  cowpea  silage  for  milk  cows,  found  that  40  pounds  of 
cowpea  silage  was  very  much  superior  to  its  own  weight  of  com 
silage,  plus  1^  pounds  of  cottonseed  meal.  Table  VIII  compares  the 
average  composition  of  crops  most  generally  utilized  for  ensilage. 

T.MiLE  VIII. — Avei-age  compomtion  of  vaiiou^t  silage  crops.^ 
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Water. 

Ash. 
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Cowpea  an  1  sorghum . 

Cowpea 
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.7 
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»  Henry,  W.  A.,  and  Morrison,  r.  B.  Feed.s  and  feeding.  Ed.  17,  x,  691  p.  Madison, 
WlB.,  1917. 

COWPEAS  FOR  SOILING. 

Cowpeas  can  be  utilized  to  good  advantage  as  a  soiling  crop.  With 
its  high  percentage  of  protein  it  is  an  excellent  supplement  to  less 
nitrogenous  crops,  such  as  corn,  sorghum,  and  millet.  The  wide  va- 
riation in  the  maturity  of  the  varieties  makes  it  possible  to  have  an 
abundance  of  green  forage  throughout  the  greater  part  of  the  summer 
and  fall. 

COWPEAS  FOR  SOIL  IMPROVEMENT. 


The  cowpea  has  been  used  as  a  restorative  crop  more  than  any  other 
leguminous  crop,  especially  throughout  the  Southern  States.  It  is 
so  easily  grown  and  has  such  a  marked  eflfect  on  the  succeeding  crops 
that  its  use  should  be  greatly  increased.  Aside  from  increasing  the 
productiveness  of  the  soil,  the  cowpea  also  improves  its  general 


X895, 


'  tOowpoa  silajfp  vs.  brau  ff^i"  milrli  cows.]     Tn  Del.  Agr.  J3xp.  Sta.  Bnl.  26.  p.   10-11. 
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physical  condition,  making  heavy  clay  soils  more  open  and  sandy 
soUs  more  compact.  The  cowpea  has  the  distinct  advantage  of  mak- 
ing a  good  growth  on  soils  that  will  not  produce  profitable  yields  of 
other  legimies  or  cereals.  It  is  an  excellent  green-manure  crop  for 
vineyards  and  orchards. 

Except  on  the  poorer  soils,  results  indicate  that  it  is  decidedly  more 
profitable  to  utilize  the  cowpea  as  hay  or  pasture  and  then  plow 
under  the  stubble  than  it  is  to  plow  under  the  entire  crop.  About  85 
per  cent  of  the  fertilizing  and  soil-improving  value  of  the  cowpea  is 
contained  in  the  hay  and  about  15  per  cent  in  the  roots  and  stubble. 
Feeding  experiments  indicate  that  much  of  the  fertilizing  value  of 
feeds  is  recovered  in  the  manure.  It  is  therefore  possible  to  obtain 
the  feeding  value  of  the  cowpea  as  hay  or  pasture  and  in  returning 


Fia.  8. — Plowing  under  cowpeas  for  green  manuring. 

the  manure  to  the  soil  to  save  a  large  part  of  the  fertilizing  value, 
pro\^ded  the  manure  is  well  handled.  When  the  whole  crop  is 
plowed  under,  a  more  beneficial  and  lasting  effect  is  obtained,  but  this 
advantage  is  not  great  enough  to  equal  the  feeding  value  of  the 
cowpea. 

Light  or  sandy  soils  that  have  been  cropped  for  a  long  time  and 
need  hiunus  receive  greater  benefit  from  plowing  under  the  whole 
^^'^P-  (Fig-  8.)  When,  therefore,  the  improvement  of  the  land  is 
the  sole  object,  the  entire  crop  should  be  plowed  under  to  obtain  the 
greatest  value.  In  utilizing  the  entire  crop  for  soil  improvement,  it  is 
best  to  plow  it  under  when  green  before  being  killed  by  frost.  The 
green  plants  decay  more  readily  and  are  superior  to  dry  plants  in 
their  fertilizing  effect. 
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The  results  of  analyses  made  by  the  North  Carolina  Agricultural 
Experiment  Station  ^^  show  that  1  ton  of  cowpea  hay  contains  47 
pounds  of  nitrogen,  10  pounds  of  phosphoric  acid,  and  29  pounds  of 
potash.  Table  IX  gives  the  fertilizing  materials  in  100  pounds  of 
dry  substance  of  legumes  commonly  utilized  for  soil-improving 
purposes. 

Table  IX. — Fertilizing  constituents  in  100  ptmnds  of  dry  substance  of  the  tops 
and  roots  of  important  legumes. 


Plant  and  pert. 


Red  clover: 

Tops pounds.. 

Roots do.. 

AlfiUfa: 

Tops do.. 

Roots do.. 

Crimson  clover: 

Tops do.. 

Roots do.. 


Nitro- 
gen. 


2.35 
2.74 


2.30 
2.04 


2.13 
1.50 


Phos- 
phori: 
acid. 


0.58 

.84 


.54 
.43 


.62 
.47 


Potash. 


2.14 
.82 


1.52 

.48 


1.35 
1.02 


Plant  and  part. 


Cowpea: 

Tops pounds . . 

Roots. do — 

Soybean: 

Tops do 

Roots do 

Velvet  hean do 

Common  vetch: 

Tops : do. 

Roots do. 


Nitro- 
gfln. 


1.96 
1.18 

2.18 
1.05 
2.51 

2.99 
2.19 


Phos- 
phoric 
acid. 


a  51 

.55 

.61 
.34 
.53 

.71 
.79 


Potash. 


LS3 
.93 

1.68 

.67 

3.84 

2.68 
LIS 


Numerous  experiments  with  the  cowpea  for  soil- improving  pur- 
poses demonstrate  its  beneficial  effect  upon  succeeding  crops,  as 
shown  by  the  increased  yields  obtained  of  corn,  cotton,  sorghum, 
and  small  grains.  At  the  Alabama  Agricultural  Experiment  Sta- 
tion^* the  increased  yield  of  the  following  crops,  showing  the 
benefits  obtained  by  plowing  under  the  cowpea  vines  rather  than 
taking  the. crop  off  for  hay,  was  as  follows:  Corn,  49  per  cent; 
sorghum,  9  per  cent;  cotton,  40  per  cent.  At  the  Missouri  Agri- 
cultural Experiment  Station^®  an  increase  in  yield  of  63  per  cent 
with  oats  and  49  per  cent  with  wheat  following  cowpeas  as  a  catch 
crop  was  secured.  The  xVrkansas  Agricultural  Experiment  Sta- 
tion,^® in  tests  covering  four  years  with  wheat,  reports  an  average 
increase  in  yield  of  25  per  cent  from  plowing  under  cowpea  stubble 
in  the  fall,  39  per  cent  from  plowing  under  cowpea  vines,  and  42 
per  cent  when  cowpeas  were  grown  each  year  as  a  catch  crop  be- 
tween the  wheat  crops,  only  the  stubble  of  the  peas  being  turned 
under.  At  the  same  station  ^^  a  crop  of  cowpeas  on  light  sandy 
soil  grown  after  harvesting  rye  and  potatoes  increased  the  follow- 
ing wheat  crop  30  per  cent.  Wheat  grown  continuously  on  the  same 
land  for  three  years  and  each  crop  preceded  by  a  crop  of  cowpeas 

"Kllgore,  B.  W.,  Williams,  C.  B..  MacNider,  G.  M.,  and  Meacham,  P.  T.  The  culture 
of  the  cowpea.     Bui.  N.  C.  Dept.  Agr.,  v.  31,  no.  6,  p.  70,  lllus.     1910. 

»*  Duggar,  J.  F.  The  cowpea  and  the  velvet  bean  as  fertilizers.  Ala.  Agr.  Exp.  Sta. 
Bui.  120,  p.  121-179,  3  figs.     1902. 

«  Grantham,  A.  E.     Cowpeas.    Mo.  Agr.  Exp.  Sta.  Bui.  73,  60  p.,  lllus.     1906. 

^  Newman,  C.  L.  Cowpeas :  Fertilizing  value.  Ark.  Agr.  Exp.  Sta.  Bui.  77,  p.  12-22. 
1903. 

» Newman,  C.  L.     Wheat  experiments.     Ark.  Agr.  Exp.  Sta.  Bui.  62,  p.  17-84.     1900. 
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gave  an  increased  yield  of  46.7  per  cent,  as  compared  with  breaking 
the  wheat  stubble  and  not  sowing  cowpeas.  The  Oeorgia  Agricul- 
tural Experiment  Station*^  conducted  an  experiment  with  cowpeas 
followed  by  cotton  in  order  to  determine  whether  it  would  be  more 
profitable  to  turn  under  the  vines  as  ^reen  manure,  to  harvest  as 
hay,  or  to  pick  the  pods  and  plow  under  the  vines.  The  results 
obtained  indicated  that  the  effects  upon  the  subsequent  crops  of  cot- 
ton were  almost  identical,  being,  however,  slightly  in  favor  of  turning 
under  the  vines  green.  When,  however,  the  value  of  the  seed  and 
the  hay  is  taken  into  consideration,  the  experiments  show  that  it 
is  much  more  profitable  to  save  the  cowpeas  as  hay  or  as  seed,  and 
that  either  pf  these  methods  is  more  economical  than  the  practice  of 
turning  under  the  entire  crop. 

«R«idIrfr,  R.  J.      (Jreen  manurioe  with  iHiwptMS.     In  (ia.  Ajfr.   Exp.   Sta.   Bui.    27,  p. 
207-209.     1894. 
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POPLARS,  aspens,  and  cottonwoods,  which  are 
widely  distributed  over  the  United  States,  are 
everywhere  subject  to  serious  injury  by  wood-boring 
insects.  One  of  the  chief  of  these  is  the  aspen  borer, 
which  feeds  in  the  trunks  or  larger  branches,  so 
weakening  the  wood  that  the  tree  is  readily  broken 
off  by  windstorms.  Plantations  for  paper  pulp  are 
often  completely  destroyed. 

This  bulletin  gives  methods  of  controlling  the 
aspen  borer  or  reducing  its  damage  to  a  minimum. 
It  is  based  on  extensive  studies  made  in  the  Pikes 
Peak  region  of  Colorado,  but  the  data  in  general 
apply  to  all  regions  of  the  United  States  where  the 
poplars  are  native.  The  introduced  Lombardy  pop- 
lar is  very  seldom  injured,  but  the  commercial  Cot- 
tonwood of  the  Mississippi  Valley  seems  to  be  the 
only  native  species  of  poplar  which  is  at  all  immune 
to  the  attack  of  this  insect. 


Contribution  from  the  Bureau  of  Entomology 

L.  O.  HOWARD.  Chief 

WashingtoD,  D.  C. 

OctoiMsr.1920 
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TREES  ATTACKED  BY  THE  ASPEN  BORER. 

EXTENSIVE  deadenings  in  aspen  trees,  due  primarily  to  the 
work  of  larvae  of  woodboring  beetles,  occur  throughout  the 
Pikes  Peak  region  of  Colorado.  The  most  common  and  widely  dis- 
tributed insect  causing  this  injury  is  the  aspen  borer;*  but  at  higher 
elevations  and  attacking  only  the  base  of  the  tree  another  roundheaded 
borer*  plays  an  important  part,  causing  a  large  percentage  of 
windfalls. 

Aspen  shade  trees  are  equally  susceptible  to  injury  by  the  aspen 
borer  and  are  frequently  killed  or  so  riddled  that  they  break  off  in 
the  wind. 

Among  the  native  or  introduced  species  of  poplars'  growing  in 
this  region  none  is  immune  from  the  ravages  of  the  borer.  A  very 
large  percentage  of  the  various  species  of  poplar  in  Colorado 
Springs,  Colo.,  and  adjacent  city  parks,  together  with  those  in  the 
forests  of  this  region,  are  affected  by  this  insect. 

The  heartwood  of  trees  which  are  repeatedly  attacked  becomes 
honeycombed,  causing  dead  limbs  and  tops  which  are  easily  broken 
off  by  the  wind,  finally  resulting  in  the  death  of  the  trees. 

Aspen  and  poplars  generally  are  looked  upon  as  short-lived  trees. 
This  is  true  in  a  measure,  but  on  Cheyenne  Mountain,  in  Colorado,  at 
an  elevation  of  9,000  feet,  the  writer  recorded  over  75  aspen  trees, 
growing  in  mixture  with  Douglas  fir  and  Engelmann  spruce,  that 
had  attained  a  size  of  from  15  to  23  inches  in  diameter  and  from  70  to 

^Baperda  ealcarata  Say. 

*  XifloirecKus  ohUieratus  Lee. 

tPopaliw  deltoUlea  (common  cottonwood)  ;  P.  angusHfoUa  (narrowleaf  cottonwood)  ; 
P.  acuminata  (lanceleaf  cottonwood)  ;  P.  fremontU  (Fremont  cottonwood)  ;  P.  oociden- 
taiU  (western  cottonwood) ;  P.  nigra  var.  italica  (Lombardy  poplar) . 

184875»— 20  C^r^nin]t> 
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100  feet  in  height,  with  clean,  sound  trunks  without  a  limb  for  50  feet. 
These  trees  are  from  65  to  100  years  of  age.    (Figs.  1  and  2.) 

The  common  aspen  *  comes  up  from  seed  scattered  broadcast  by  the 
wind,  and  is  an  exceedingly  valuable  cover  for  watersheds  and  areas 
devastated  by  fire.A  It  acts  as  a  nurse  to  conifers  which  succeed  it. 
The  wood  is  used  for  fruit  boxes,  fence  posts,  and  poles,  and,  when 
sound  and  free  from  insect  work,  for  props  and  cribbing  in  coal  mines. 
Of  late  years  it  is  being  used  to  a  great  extent  for  cabins  and  summer 
homes.    (Fig.  3.) 


Fio  1. — Aspen  growing  in  mixture  with  Douglas  fir  and 
Engelmann  spruce,  on  Cheyenne  Mountain,  Colo.,  at  an 
elevation  of  9,000  feet. 

The  wood  of  the  poplars  is  one  of  the  materials  used  for  pulp  mak- 
ing. The  trees  are  largely  planted  for  shade  and  ornament,  for  wind- 
breaks, and  to  hold  the  banks  of  streams. 

CHARACTER  AND  EXTENT  OF  INJURIES. 

The  primary  work  of  the  aspen  borer  begins  with  an  oblong  scar 
made  by  the  adult  in  the  bark  of  living,  healthy,  and  injured  trees, 
in  which  the  eggs  are  deposited,  as  shown  in  figure  4.  The  tiny  grub 
or  larva  on  hatching  from  the  egg  at  once  begins  its  destructive  work 
by  feeding  and  mining  between  the  bark  and  wood,  in  which  it  re- 


^Populus  tremuloideB. 
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mains  for  from  90  to  100  days.  It  then  enters  the  sap  and  heartwood, 
where  it  excavates  an  oval-shaped  longitudinal  gallery  6  to  14  inches 
in  length,  as  shown  in  figure  5. 

The  egg  scars,  whether  the  eggs  hatch  or  not,  are  favorite  places 
for  entrance  of  other  wood-boring  insects  and  for  fungi  which  hasten 
the  death  of  such  trees. 

Throughout  the  forests  of  the  Pikes  Peak  region  many  trees  have 
died  during  the  last  25  years.    The  old  standing  dead  trees  and  those 


FiQ.  2. — On  Cheyenne  Mountain,  Colo.,  aspen  which  have 
attained  a  sixe  of  from  15  to  23  inches  in  diameter  and 
from  70  to  100  feet  in  height. 

which  have  fallen  bear  evidence  of  the  primary  attack  of  the  aspen 
borer  in  the  conspicuous  large  scars,  exit  holes,  and  deformed  trunks. 
(Fig.  6.) 

In  some  localities  the  standing  dead,  fallen,  and  dying  trees  exceed 
•50  per  cent  of  the  total  stand.  A  count  made  on  an  area  of  about  2 
acres  near  Wade,  on  Cheyenne  Mountain,  Colo.,  in  an  even-aged 
stand  of  aspen  gives  the  following  figures : 

Total  number  of  trees 667 

Number  of  Uving  trees 260 

Number  of  dying  trees 34 

Number  of  dead  trees 340 

Number  of  infected  trees 38 

Deformed  trees,  40  per  cent  of  total.  r^^^r^T^ 
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Trees  of  from  2  inches  up  to  the  largest  diameter  are  attacked  by 
this  borer.  The  large  trees  are  frequently  attacked  close  to  the  limbs, 
while  smaller  trees  are  attacked  from  the  base  up. 

One  of  the  characteristic  features  of  the  injury  caused  by  this  in- 
sect is  that  it  is  concentrated  on  trees  that  have  been  previously  in- 
jured. In  every  climip  of  aspens  trees  heavily  infested,  or  what  may 
be  called  "brood  trees,"  can  be  found.  This  feature  tends  to  limit 
the  destruction  by  this  borer  by  confining  it  to  such  trees,  and  at  the 


Fio.  8. — A  summer  home  on  Cheyenne  Mountain,  Cola* 
being  constructed  from  aspi^n  logs.  These  trees  were 
cut  within  a  radius  of  200  yards  of  the  structure.  Ele- 
vation at  this  point.  9,000  feet 

same  time  it  destroys  many  of  the  insects,  in  that  these  brood  trees 
are  frequently  broken  off  by  the  wind  or  attacked  by  a  fungus  and  a 
large  percentage  of  the  borers  within  fail  to  mature. 

One  of  the  chief  causes  of  the  rapid  deterioration  and  death  of 
trees  attacked  by  this  insect  is  a  wood  rot  *  or  fungus  which  follows 
the  work  of  the  borer  and  destroys  the  heartwood.  Following  the 
opening  made  through  the  bark  this  fungus  rapidly  penetrates  and 
destroys  the  heartwood,  and  so  weakens  the  tree  that  it  is  broken  off 
by  the  wind.  The  development  of  this  disease  is  often  so  rapid  that 
it  envelops  and  destroys  the  borer  larva  before  it  matures. 


^  Fomes  igniarius. 
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DISTRIBUTION. 

The  aspen  borer  is  found  in  all  parts  of  the  country,  its  distribu- 
tion coinciding  with  that  of  the  poplar. 

SEASONAL  HISTORY  AND  HABITS. 

Normally  this  species  has  but  one  generation  in  three  years.  During 
the  latter  part  of  July  and  during  August  the  adult  female  beetle 
gnaws  in  the  bark  an  oblong  scar,  which  slopes  toward  the  center, 
penetrating  the  cambiiun  or  inner  bark  of  the  tree.  Beneath  the 
bark  in  this  scar  she  deposits  one  or  two  eggs  (fig.  4),  which  hatch 
into  larvse  or  grubs  in  from  20  to  25  days.    Upon  hatching,  the  young 


Fig.  4. — Aspen  borer:  o,  Egrg  scar  on  living  aspen  tmnk; 
h,  bark  removed  to  show  eggs. 

larva  mines  beneath  the  bark,  remaining  there  over  winter,  and 
entering  the  sapwood  and  heartwood  the  following  spring,  where  it  is 
active  until  May  or  June  of  the  second  year  following  the  egg  laying. 
During  this  time  the  gallery  is  enlarged  and  an  opening  is  main- 
tained through  the  bark  at  the  place  where  the  egg  was  laid,  and 
through  this  boring  dust  is  expelled  during  the  feeding  period  of  the 
larva.  The  accumulation  of  these  piles  of  fibrous  frass  at  the  base  of 
the  trees  is  one  of  the  most  characteristic  features  indicating  the 
presence  of  the  borer.  On  reaching  full  growth  the  grub  (fig.  7)  ex- 
cavates the  pupal  cell  near  the  lower  end  of  the  larval  mine  and  re- 
mains inactive  in  this  cell  (fig.  5)  until  the  following  spring.  It  then 
pupates  and  remains  as  a  pupa  (fig.  8)  25  to  30  days  before  transform- 
ing to  the  adult  During  the  latter  part  of  July  ®  or  during  August 
of  the  third  year  the  adult  emerges  through  the  hole  which  the  larva 
used  for  expelling  the  frass. 

'In  the  eastern  United  States,  at  an  elevation  of  500  feet,  the  beetles  emerge  from 

four  to  liz  weeks  earlier.— P.  C.  C.  C^  r^r^^A^ 
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DESCRIPTION. 

The  adult  (fig.  9)  is  an  elongate,  robust,  grayish-green  beetle,  meas- 
uring from  21  to  30  mm.  (about  an  inch)  in  length,  and  having  faint 
yellowish  spots  on  the  wing  covers.  The  antennae  or  horns  are  very 
long,  those  of  the  female  being  about  the  length  of  the  body,  and 
those  of  the  male  even  longer. 

The  larva  is  an  elongate,  cylindrical,  footless  grub  of  a  whitish  or 
yellowish  white  color.  When  full  grown  it  measures  from  30  to  35 
mm.  (about  IJ  inches)  in  length.    It  can  be  distinguished  from  all 


Fig.  5. — Spilt  sections  of  aspens  showing  larval  mines  and  pupal  cells  of  the  aspen 
borer,  and  the  character  of  the  frass.  The  smaller  holes  on  the  bark  section  are 
exudation  pores  .from  which  frass  is  expelled  by  the  larvae. 

other  wood  borers  in  the  trunk  or  large  branches  of  poplars  by  the 
fact  that  it  has  the  sides  of  the  head  parallel  and  the  upper  and  lower 
surfaces  of  the  body  covered  with  fine  homy  points.  On  the  first 
segment  above,  these  are  larger  and  curve  backward.  Two  dark 
oblique  lines  are  present  on  this  segment  in  related  species  of  poplar 
borers,  but  never  on  this  insect. 

The  pupa,  or  intermediate  stage  between  the  larva  and  adult,  has 
the  same  general  form  as  the  adult,  but  with  its  wings  and  legs 
folded  along  the  side  of  the  body.  It  is  of  a  whitish  color  and  the 
upper  surface  is  provided  with  small  homy  spines. 

NATURAL  ENEMIES. 

A  tiny,  wasplike,  four-winged  parasite  which  attacks  the  eggs  of 
the  borer  has  been   reared   and   found  very   destructive  to  them. 
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Counts  made  on  several  areas  show  an  average  of  about  25  per  cent 
of  the  borer  eggs  destroyed  by  this  insect. 

Two- winged  flies  parasitic  on  the  borer  grubs  were  found  to  de- 
stroy 5  per. cent  of  them;  predacious  insects  and  birds,  less  than  1 
per  cent.  Fungous  disease  destroys  2  per  cent  of  the  mature  larvae, 
pupae,  and  immature  adults.  The  total  annual  mortality  of  the 
borer  from  these  causes  is  from  30  to  38  per  cent. 


Fio.  6. — TAving  aspen,  Cbeyenne  Mountain,  Colo.,  altitude 
7,000  feet.  This  tree  is  Infested  by  2  and  8  year  old 
lary»  of  the  aspen  borer.  Tbe  swelling  on  the  main 
trunk  are  the  result  of  the  work  of  these  larvse. 

ASSOCIATED  INSECTS  AND  DISEASE. 

Generally  associated  with  the  injury  of  the  aspen  borer,  there  are 
the  following  insects  and  a  fungous  disease  which  more  or  less  hasten 
the  deterioration  of  the  trees; 

The  bronze  birch  borer  ^  attacks  healthy,  injured,  and  dying  trees; 
it  precedes  and  follows  the  attack  of  the  aspen  borer  and  may  cause 
the  death  of  the  tree. 

A  flat-headed  borer  ®  deposits  its  eggs  in  the  egg  scars  of  the  aspen 
borer,  and  in  ax  marks  and  bruises,  and  extends  the  damage  in  the 
heartwood. 


*  Affrilu^  ansHu9  Gory.  •  Poecilonota 
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Another  flat-headed  borer®  attacks  injured  and  dying  trees.  It 
deposits  eggs  in  old  egg  scars  made  by  the  aspen  borer  and  in  other 
injuries,  and  it  bores  into  the  heartwood. 

A  large  moth^^  which  attacks  the  poplar  and  deposits  its  eggs 
in  the  borer  egg  scars  is  most  frequently  found  in  trees  infested  by 
poplar  borers.  Its  altitudinal  range  is  the  same  as  that  of  the  borer, 
none  having  been  found  above  9,000  feet. 

A  pinhole  borer"  attacks  injured  and  dying  trees  in  which  the 
sap  has  begun  to  sour.  It  follows  the  attack  of  the  aspen  borer  and 
is  found  also  in  trees  otherwise  injured. 


Pio.  7.— side  view  Fio.    8.— Side    view  Fig.    9.— Aspen    borer : 

of  larva  of  the  of     pupa    of     the  Adult     female,     from 

aspen   borer.  aspen  borer.  side  and  from  above. 

A  roundheaded  borer  '^  which  occurs  at  higher  altitudes  than  the 
poplar  borer  is  the  chief  depredator  in  the  aspen.  Large  areas  have 
been  denuded  as  the  result  of  its  work. 

A  heart  rot,^»  causing  much  deterioration  and  decay  in  aspen,  fol- 
lows the  attack  of  the  asi^en  borer  and  other  wood-boring  insects, 
gaining  entrance  through  the  wounds  made  by  them.  It  is  present 
in  nearly  all  trees  attacked  by  the  aspen  borer. 

CONDITION  OF  TREES  ATTACKED. 

Living,  healthy,  and  injured  trees  are  attacked  by  the  aspen 
borer.  Dead  trees  are  never  attacked.  A  strong  preference  is  shown 
for  trees  which  have  partially  succumbed  to  former  attacks. 

•  Dicerca  prolongata  Loc.  "  Xyloterus  sp.  »■  Fom€8  igniarimf, 

10  C088US  sp.  *■  Xylotrechua  otliteratus  Lee. 
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The  Aspen  Borer  and  How  to  Control  It  \\ 

SITUATION  AND  CONDITIONS  FAVORABLE  FOR 

ATTACK. 

Trees  on  dry,  rocky  slopes  appear  to  be  more  subject  to  attack  than 
those  on  less  exposed  situations.  Along  the  low,  moist  creek  beds 
and  mountain  meadows  the  attack  is  not  as  severe  as  on  drier  slopes. 

Infestation  is  most  prevalent  between  altitudes  of  6,500  and  8,000 
feet.     It  has  not  been  found  to  occur  above  9,000  feet.^^ 

CONTROL  MEASURES. 

Control  experiments  carried  on  from  1914  to  1917  in  various  local- 
ities and  upon  various  clumps  of  aspen  have  shown  that  two  methods 
are  practicable  and  that  the  insect  can  be  controlled  if  not  entirely 
eliminated  by  either  of  them.  The  two  methods  recommended  are 
the  cutting  of  ^  brood  trees ''  and  the  application  of  creosote  or  car- 
bolineum. 

"  Brood  trees  ^  are  those  which  are  attacked  for  a  number  of  years 
in  succession  and  contain  two  or  more  generations  of  the  aspen 
borer.  These  so-called  "  brood  trees  "  can  be  readily  distinguished 
from  the  healthy  trees  and  those  injured  by  other  causes  by  the  de- 
formed qiain  trunks,  dead  tops,  limbs,  and  the  brownish  liquid  and 
frass  exuding  from  the  egg  scars  during  May  and  June  each  year,  at 
which  time  the  larvae  are  active,  extending  and  enlarging  their  gal- 
leries. As  aspen  usually  grows  in  clumps,  the  main  centers  of  infes- 
tation can  be  readily  located. 

First,  locate  a  clump  of  aspen  and  determine  the  extent  of  the  in- 
festation, then  with  a  sharp  ax  cut  down  the  "  brood  trees.''  These 
can  be  laid  in  compact  piles  and  burned  or  the  main  trunks  split 
and  exposed  to  the  sun,  which  will  dry  out  the  wood  enough  to  kill 
the  brood.  One  man  with  a  sharp  ax  can  cut  and  treat  50  or  more 
of  these  trees  in  a  working  day,  as  aspen  as  a  rule  is  of  small  diameter. 

Where  it  is  essential  or  desirable  to  preserve  the  trees,  the  paint- 
ing of  the  egg  scars  with  carbolineiun  has  proved  a  successful  method 
of  control,  though  not  as  effective  or  practicable  in  large  and  remote 
forested  areas.  On  private  lands  and  city  parks,  where  poplars  are 
valoed  for  their  shade  and  ornament,  this  remedy  can  be  used  to  ad- 
vantage. 

Creosote  should  be  applied  to  the  egg  scars  with  a  2-inch  brush. 
It  is  important  that  this  work  be  done  thoroughly.  October  is  the 
time  to  apply  the  creosote,  after  the  adult  beetles  have  deposited 
their  ^gs  and  most  of  these  have  hatched  into  tiny  larvae  or  borers. 

»*  In  some  lectloDB  of  the  country  injury  occurs  down  to  sea  level. — F.  C.  C. 
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DISEASES  OF  SHEEP. 

Bernard  A.  Gallaghex,  Pathological  DiviaUm, 


INFECTIOUS  DISEASES. 

ANTHRAX. 
(Charbon,  splenetic  fever,  malignant  pustule,  woolsorter's  disease.) 

ANTHEAX  is  a  rapidly  fatal,  infectious  febrile  disease.  In  sheep 
it  usually  takes  the  acute  form,  but  may  be  subacute. 

Cause. — ^The  disease  is  caused  by  the  Baoilliui  anthracis^  an  organ- 
ism of  microscopic  size. 

Anthrax  is  contracted  through  feeding,  throu^  wounds  exposed 
to  infected  soil,  and  through  the  contamination  of  wounds  by  flies 
which  have  fed  on  carca&ses  of  animals  that  have  died  of  anthrax 
or  on  discharges  from  diseased  animals. 

Symptoms. — In  sheep  the  disease  usually  runs  a  rapid  course,  espe- 
cially in  the  first  animals  affected.  Apparently  healthy  animals  sud- 
denly develop  weakness  of  the  legs  and  difficult  breathing.  They  fall 
to  the  ground,  move  con\nilsively,  and  may  die  in  a  few  minutes  or 
within  an  hour.  Where  death  is  less  sudden,  periods  of  stupor  alter- 
nate with  convulsions,  the  mucous  membranes  of  the  nostrils  and 
mouth  become  bluish,  the  temperature  is  highly  elevated,  and  bloody 
discharges  may  issue  from  the  mouth,  nostrils,  or  anus. 

Post-mortem  appearance. — The  carcass  decomposes  and  bloats 
rapidly.  Bloody,  frothy  discharges  are  found  around  the  natural 
openings  of  the  body.  Yellow,  jellylike  deposits  and  hemorrhagic 
areas  are  present  beneath  the  skin.  The  blood  does  not  clot  and  is 
tarlike  in  app)earance.  The  spleen  is  greatly  enlarged,  its  pulp 
softened  or  fluid  and  dark  red  or  chocolate  in  color.  The  intestines 
and  other  internal  organs  are  congested  or  hemorrhagic.  The  intes- 
tinal contents  are  bloody  and  the  urine  may  be  bloodstained ;  blood- 
stained fluid  is  found  in  the  abdominal  and  lung  cavities.  Yellowish, 
jellylike  deposits  are  observed  beneath  the  serous  membranes  of  the 
organs.   The  lungs  show  congestion  and  fluid  infiltration. 

Diagnosis. — Anthrax  is  distinguished  from  other  diseases  of  sheep 
by  the  greatly  enlarged,  dark-colored,  softened  spleen;  -the  un- 
coagulated,  tarry  blood ;  the  jellylike  deposits  beneath  the  skin  and 
in  the  viscera,  arid  by  the  hemorrhagic  condition  of  the  intestines. 
In  hemorrhagic  septicemia,  which  most  closely  resembles  anthrax  in 
sheep,  the  spleen  is  not  enlarged  and  the  blood  is  normal  in  color. 

Treatment. — Medicinal  treatment  has  no  value  •in  anthrax.  The 
hypodermic  injection  of  antianthrax  serum  is  an  effective  treatment 
in  the  case  of  animals  which  show  a  rise  of  temperature  but  which 
have  not  yet  developed  visible  symptoms,  or  in  mild  or  chronic  cases. 
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The  exposed  members  of  the  flock  which  do  not  show  abnormal 
temperatures  (above  104**  F.)  should  be  immunized  by  the  simulta- 
neous method,  which  consists  in  the  injection  of  a  spore  vaccine  and 
antianthrax  serum  at  the  same  time.  Biological  firms  dealing  in 
antianthrax  serum  and  vaccine  specify  the  proper  doses  of  their 
producta  Whenever  possible,  vaccination  should  be  conducted  by  a 
veterinarian. 

Affected  flocks  should  be  removed  from  anthrax-infected  ground 
as  soon  as  possible,  even  though  immunity  measures  are  being  insti- 
tuted, in  order  to  lessen  the  exposure  to  gross  infection.  Care  should 
be  taken  that  public  roads  or  adjacent  premises  are  not  exposed  to 
contamination  by  infected  flocks. 

Prevention. — On  anthrax-infected  farms  the  wisest  course  is  to 
vaccinate  annually,  as  immunity  can  not  be  depended  upon  to  last 
for  a  longer  period  than  one  year.  Flocks  outside  of  anthrax-infected 
localities  should  not  be  injected  with  living  antianthrax  products, 
because  of  the  danger  of  establishing  new  anthrax  centers. 

Sheep  are  very  susceptible  to  anthrax  inoculation ;  hence  care  should 
be  taken  that  an  overdose  of  either  the  spore  or  Pasteur  vaccines  is 
not  given.  The  dose  should  not  be  greater  than  one-sixth  of  the  dose 
for  cattle. 

To  guard  against  infection  of  the  soil  all  carcasses  and  animal  dis- 
charges should  be  destroyed  by  burning  or  by  burying  deep  and  cover- 
ing with  quicklime.  Animals  should  not  be  skinned  or  cut  open  ex- 
cept for  diagnostic  purposes.  Great  care  should  be  taken  in  handling 
animals  affected  with  anthrax,  as  man  is  susceptible  to  the  disease. 
Buzzards  and  dogs  may  easily  carry  infected  material.  Infected 
land  should  be  quarantined  or  fenced  in.  Drainage  and  cultivation 
of  the  soil  will  eliminate  the  danger  to  a  great  extent.  Small  streams 
which  drain  infected  areas  or  into  which  carcasses  of  animals  which 
have  died  from  anthrax  have  been  thrown  may  infect  pastures  down- 
stream. 

BLACKLEG. 
(Quarter  ill,  black  quarter,  emphysematous  anthrax.) 

Blackleg  is  an  infectious  disease  which  is  confined  to  certain  areas 
where  the  soil  is  infected  with  the  blackleg  organism. 

Cause. — The  disease  is  caused  by  the  Bacillus  anthrcuna  symptoma- 
tici.  Infection  is  introduced  through  minute  punctures  of  the  skin 
by  thorns,  spines,  or  burs. 

Symptoms. — A  swelling  appears  under  the  skin  on  any  part  of  the 
body  except  below  the  Imee  or  hock  joint.  It  frequently  appears 
either  on  the  hind* quarter  or  shoulder  and  often  on  the  face,  jaws, 
neck,  or  breast.  Several  of  these  tumors  may  form  simultaneously. 
They  increase  rapidly  in  size  and  in  a  few  hours  may  cover  a  large 
surface.  Pressure  on  the  swelling  may  produce  a  crackling  sound, 
due  to  the  presence  of  gas  in  the  tissue.    The  wool  in  some  cases  is 
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shed  over  the  affected  part.  Lameness  or  stiffness  is  usually  evident. 
If  the  tumor  is  lanced,  a  frothy,  dark-red  fluid  is  discharged.  The 
formation  of  the  tumor  is  accompanied  with  general  symptoms  con- 
sisting of  high  fever,  increased  respiration,  suspension  of  rumination, 
and  great  depression.  The  disease  nearly  always  terminates  fatally 
in  a  few  hours  after  symptoms  are  apparent. 

Post-mortem  appearance. — ^The  affected  muscles  are  dark  red  or 
black,  soft,  and  infiltrated  with  bloody  liquid  and  gas  bubbles.  They 
have  the  odor  of  rancid  butter.  The  internal  organs,  as  a  rule,  do 
not  show  marked  changes,  and  the  blood,  except  in  the  diseased  areas, 
appears  normal  and  clots  readily. 

Diagnosis. — Blackleg  swellings  are  distinguished  from  anthrax 
swellings  by  their  soft,  gaseous  condition  and  deep  muscular  involve- 
ment. Anthrax  swellings  are  hard  and  do  not  have  the  peculiar 
swe^ish-sour  odor  of  blackleg.  In  blackleg  the  spleen  is  unchanged 
and  the  blood  clots  readily.  Malignant  edema  swellings  are  quite 
similar  to  blackleg  swellings  and  also  contain  gas.  They  arise  from 
larger  wounds  or  surgical  operations  and  may  follow  careless  castra- 
tion, docking,  or  shearing. 

Treatment. — ^Animals  may  be  protected  against  blackleg  by  the 
injection  of  blackleg  vaccine  specially  prepared  for  sheep.  Medici- 
nal treatment  is  unsuccessful. 

MALIGNANT  EDEMA. 
(Gas  gangrene.) 

Malignant  edema  is  an  acute  febrile  disease  caused  by  a  wound 
becoming  infected.  It  is  manifested  by  gangrenous  swelling  at  the 
point  of  infection.  It  occurs  after  castration,  shearing,  docking,  or 
in  connection  with  injuries. 

Cause. — The  organism.  Bacillus  edematis  malignij  which  causes  the 
disease,  is  found  almost  everywhere  in  the  soil. 

Symptoms. — Several  hours  after  castration,  shearing,  or  docking, 
and  when  infection  with  the  organism  occurs,  a  swelling  develops 
around  the  wound  and  spreads  beneath  the  skin.  Gas  forms  and  a 
clear  or  reddish  fluid  containing  gas  bubbles  issues  from  the 
wound.  The  animal's  temperature  usually  is  from  106**  to  108"*  F. 
Kespiration  is  rapid  and  diarrhea  is  frequently  present.  When  the 
animal  moves,  the  hind  legs  are  drawn  forward  with  a  peculiar, 
stiff,  dragging  motion,  as  if  there  were  no  joints. 

Post-mortem  appearence. — On  removal  of  the  skin  the  region  be- 
tween the  hind  legs  and  underneath  the  tail  is  found  to  be  gan- 
grenous and  contains  a  dark-colored  fluid  and  gas,  or  this  condition 
may  be  found  on  other  parts  of  the  body,  depending  upon  the  seat 
of  the  infected  wound.  No  characteristic  changes  are  found  in  the 
internal  organs. 
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Diagnosis. — ^Diagnosis  rests  on  the  appearance  of  a  spreading,  gan- 
grenous, gaseous  swelling  at  the  seat  of  operation  after  castration 
or  docking  or  around  a  wound  made  in  shearing. 

Treatment. — Medicinal  treatment  is  useless.  Disinfection  of 
wounds  or  areas  of  operation  prevent  infection.  Instruments  used 
in  operating  should  be  sterilized  before  using.  Sheep  and  lambs, 
after  operation,  should  be  placed  for  a  time  in  lots  or  bams  which 
have  been  cleaned  and  disinfected. 

HEMORRHAGIC  SEPTICEMIA. 
(Catarrhal  fever,  pneumoenteritis.) 

Hemorrhagic  septicemia  is  an  infectious,  febrile  disease.  It  occurs 
in  both  the  acute  and  chronic  forms.  Lambs  are  affected  mostly  by 
the  acute  form,  grown  sheep  by  the  chronic  form.  Death  may  ensue 
several  hours  after  illness  is  noticed,  or  within  two  or  three  days. 
The  chronic  form  may  continue  for  several  weeks. 

Cause. — A  germ  known  as  Bacillus  ovisepticus  is  the  cause  of  the 
disease.  (See  fig.  1.)  This  organism  may  live  in  the  air  passages  of 
normal  sheep  without  producing  harmful  results.  Under  certain 
conditions,  however,  the  nature  of  which  is  not  clear,  the  virulence  is 
increased  to  such  an  extent  that  severe  outbreaks  of  hemorrhagic  sep- 
ticemia occur.  The  organism  may  also  become  active  when  animals 
are  suffering  from  other  diseases.  When  virulence  is  attained  the 
disease  may  spread  from  animal  to  animal  by  means  of  infected  feed 
or  water. 

Symptoms. — In  the  acute  form,  dullness,  weakness,  and  a  general 
constitutional  disturbance  are  first  noticed.  The  appetite  is  lost, 
thirst  increased,  and  the  temperature  raised.  Symptoms  of  pneu- 
monia are  manifested  by  diflicult  breathing  and  coughing.  A  serous 
or  purulent  discharge  may  pass  from  the  nose  and  also  from  the  eyes. 
There  may  be  colicky  pains.  Diarrhea  sets  in,  the  excrement  being 
dark  or  greenish  yellow  and  fetid.  Suckling  lambs  and  lambs  at 
weaning  time  are  rapidly  overcome.  Severe  outbreaks  of  hemor- 
rhagic septicemia  may  be  seen  in  mature  sheep,  but  as  a  rule  the 
latter  are  more  resistant. 

The  chronic  form  is  indicated  when  animals  are  less  severely 
attacked  or  have  survived  an  acute  attack  and  suffer  from  a  chronic 
affection  of  the  lungs.  A  panting  respiration,  frequent  cough,  and  a 
mucopurulent  discharge  from  the  nose  and  sometimes  from  the  eyes 
are  present.  The  body  becomes  thinner.  There  is  stiffness  and  some- 
times swelling  of  the  joints,  especially  of  the  knee  joints. 

Post-mortem  appearance. — Except  in  the  very  acute  form  the  lungs 
show  evidence  of  pneumonia.  The  heart  frequently  has  hemorrhagic 
spots  on  its  surface.    The  internal  lining  of  the  fourth  stomach 
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and  intestines  is  congested  and  shows  hemorrhagic  spots.  A  watery 
or  fibrinous  discharge  is  found  in  the  abdominal  and  lung  cavities. 
The  spleen,  liver,  kidneys,  and  lymphatic  glands  are  congested  or 
hemorrhagic  in  spots. 

Diagnosis. — Hemorrhagic  septicemia  is  distinguished  from  anthrax 
by  the  absence  of  a  greatly  enlarged,  discolored,  softened  spleen,  and 
by  the  fact  that  the  blood  usually  appears  normal  and  also  clots  in 
hemorrhagic  septicemia. 

Treatment. — There  is  no  successful  treatment  known  for  sheep  or 
lambs  suffering  from  acute  hemorrhagic  septicemia.  The  sick  animals 
should  be  isolated  and  the  flock  moved  to  new  ground.  Stables  should 
be  cleaned  and  disinfected  frequently.  Antihemorrhagic-septicemia 
serum  and  vaccine  are  used  with  considerable  success  in  immunizing 
expK)sed  sheep. 


Pio.  1. — Types  of  microorganisms  causing  Infectious  diseases  of  sheep.  Left,  Bacillus 
ovitepticuM,  cause  of  hemorrhagic  septicemia.  Right,  Bacillus  tetarU,  cause  of  tetanus. 
The  organisms  are  magnified  1,200  Umes. 

TETANUS. 

(Lockjaw.) 

Tetanus  is  an  acute,  infectious  disease  manifested  by  persistent, 
spasqciodic  contractions  of  the  muscles  of  the  body. 

Cause. — The  disease  is  caused  by  the  BacUlus  tetania  an  organism 
which  is  found  in  the  soil.  (See  fig.  1.)  The  animal  becomes  in- 
fected through  wounds  contaminated  with  infected  soil.  The  tetanus 
organism  gives  off  a  highly  poisonous  toxin,  which  acts  on  the  nerve 
cells  and  causes  muscular  irritability  and  spasms. 

Symptoms. — Symptoms  are  acute  in  sheep  and  recoveries  are  ex- 
ceptional. Death  usually  occurs  in  two  or  three  days,  but  the  animal 
may  live  a  week.  Stiffness  is  first  noticed.  The  nose  is  held  high,  the 
tail  elevated,  and  the  back  arched.  Later  the  muscles  are  contracted, 
the  head  drawn  backward,  and  the  jaws  locked.    There  is  marked 
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excitability;  noises  and  sudden  movements  cause  spontaneous  mus- 
cular contraction.  The  animal  lies  on  its  side  with  legs  rigidly 
extended. 

Lambs,  48  hours  after  birth,  may  show  symptoms  as  a  result  of 
navel  infection.  Large  outbreaks  may  occur  after  castration,  dock- 
ing, or  earmarking.  Death  usually  comes  early  in  lambs.  Ewes 
may  become  infected  following  labor. 

Treatment. — Animals  showing  symptoms  may  respond  favorably 
to  treatment  with  large  doses  of  antitetanus  senun  if  injected  early 
in  the  course  of  the  disease.  Because  of  the  expense  this  would  be 
practicable  only  in  the  case  of  valuable  animals.  When  tetanus 
breaks  out  after  castration  or  docking,  the  exposed  animals  may  be 
protected  by  the  serum  treatment.  Protective  inoculation  requires 
a  much  smaller  quantity  of  serum  than  is  required  for -treatment  of 
animals  showing  symptoms.  The  entire  flock  should  be  removed 
from  quarters  in  which  the  disease  exists. 

LIP-AND-LEG  ULCERATION. 
(Necrobacillosis,  sore  mouth,  contagious  foot  rot,  warty  lip,  venereal  disease.) 

The  disease  known  as  lip-and-leg  ulceration  is  widely  distributed 
in  the  United  States.  It  is  characterized  by  the  formation  of  ulcers 
on  any  part  of  the  exterior  of  the  body,  but  principally  (in  the 
order  named)  on  the  lips,  nose,  chin,  cheeks,  gums,  hard  palate, 
legs  and  feet,  and  on  the  sheaths  of  bucks  and  wethers.  The  tail 
stumps  of  docked  lambs,  slit  ears,  shear  cuts,  and  the  vulvse,  udders, 
and  teats  of  ewes  may  also  be  the  seat  of  ulcers. 

Cause. — The  organism  Bacillus  necrophoncs  causes  the  disease.  It 
gains  entrance  to  the  tissues  through  wounds  or  abrasions  from  vari- 
ous sources  and  sets  up  areas  of  inflammation  and  decay.  The 
bacillus,  which  is  widely  distributed  in  nature,  will  not  penetrate 
the  uninjured  skin. 

Symptoms. — In  the  lip-and-leg  form  the  lesions  in  some  flocks 
are  confined  largely  to  the  lips  and  muzzle,  in  other  flocks  to  the  legai 
while  in  still  others  the  seat  of  the  lesions  is  about  equally  divided 
between  the  lips  and  legs.  (See  figs.  2  and  3.)  The  mouth  form 
is  (Common  in  lambs.  In  the  venereal  form  the  genital  organs  of 
both  sexes  are  attacked.  In  bucks  the  external  part  of  the  sheath 
is  most  frequently  affected,  and  less  often  the  ulcerations  are  confined 
to  the  penis.  In  ewes  the  skin  and  mucous  membrane  of  the  vulva, 
the  underside  of  the  tail,  and  the  skin  below  the  vulva  show  lesions. 

In  the  foot-rot  form  the  lesions  appear  in  the  cleft,  at  the  heel,  or 
around  the  coronet.  The  degree  of  lameness  depends  on  the  severity 
of  the  foot  lesions. 
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All  forms  of  the  disease  may  be  found  at  times  in  the  same  flock. 
Sex  or  age  does  not  appear  to  have  any  effect  on  the  susceptibility 
of  the  animals. 

The  active  stage  manifests  itself  in  the  various  locations  by  inflam- 
mation, swelling,  ulceration,  and  gangrene,  with  or  without  scab 
formation.  There  may  be  considerable  sloughing  of  the  affected 
parts.  A  typical  oflTensive  odor,  similar  to  that  of  Limburger  cheese, 
is  given  off  from  the  infected  parts.  The  chronic  stage  is  character- 
ized by  a  stationary  condition  of  the  ulcers,  without  swelling  or  aeute 
inflammation. 


Y\Q,  2. ^Llp-and-leg  ulceration,  showing  lip  lesions  in  ewe  infected  with  germs  obtained 

from  warty  lips  of  lamb. 

Losses  from  lip-and-leg  ulceration  are  at  times  severe,  reaching  as 
high  as  from  20  to  30  per  cent  of  the  flock. 

Treatment, — ^Treatment  of  this  disease  by  local  antiseptics  is  very 
satisfactory  if  begun  in  time  and  applied  energetically.  In  mild, 
unadvanced  cases  the  best  results  are  obtained  by  removing  the  scabs 
and  shreds  of  tissue  from  the  diseased  areas  with  a  piece  of  sharpened 
-wood.  Then  apply  three  or  four  times  weekly  a  3  per  cent  solution 
of  one  of  the  cresol  or  coal-tar  dips,  or,  better,  a  dressing  containing 
5  parts  of  one  of  these  dips,  10  parts  of  sublimed  sulphur,  and  100 
parts  of  mutton  tallow,  vaseline,  or  lard. 

185003'*— 21 2 
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In  actively  progressive  cases  or  in  aggravated  chronic  forms  it  is 
desirable  to  remove  the  scabs,  scrape  all  the  soft,  spongy  tissues  from 
the  ulcers,  and  touch  the  affected  area  with  a  10  per  cent  solution  of 


Fig.  S — Lip-ftnd-lecr  ulceration,  showing  leg  lesions. 

zinc  chlorid  or  with  nitric  acid  in  the  strength  of  1  part  to  7  parts  of 
water.  The  healthy  skin  surrounding  the  ulcers  may  be  smeared  with 
tallow,  vaseline,  or  other  oily  substance  to  prevent  injury  from  the 
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caustic  solutions.  After  using  either  of  the  caustic  solutions  the  sub- 
sequent treatment  should  consist  of  three  applications  weekly  of  the 
above-named  dressing,  which  is  antiseptic  but  not  caustic. 

Boils  or  abscesses  should  be  opened  with  a  knife,  cleaned  out,  and 
dressed  with  the  antiseptics  mentioned.  Portions  of  diseased  or 
loosened  hoofs  should  be  cut  away.  Affected  animals  should  be 
separated  from  the  healthy  ones,  and  pens,  corrals,  and  sheds  thor- 
oughly disinfected. 

NONCONTAGIOUS  FOOT  ROT. 
(Canker  of  foot,  fouls,  cutaneous  abscesses,  stoppage  of  biflex  canal.) 

Noncont^igious  foot  rot  is  distinguishable,  as  described  below,  from 
the  contagious  form  known  as  lip-and-leg  ulceration. 

Cause.  —  Purulent  inflammation 
of  the  cleft  in  the  foot  may  occur 
in  sheep  pastured  in  low,  swampy 
lands,  or  from  accumulation  of  clay 
mixed  with  twigs,  stubble,  sharp 
pebbles,  etc.,  in  the  cleft.    ^ 

Wounds  and  cuts  from  stiff, 
pointed  cut-over  bushes,  weeds, 
stubble,  etc.,  may  become  filled  with 
sand  and  fine  gravel  and  may  re- 
sult in  lameness  and  pus  forma- 
tion. 

The  opening  of  the  biflex  gland, 

situated  between  the  toes  of  sheep, 

may   become   plugged   by   mud   or 

sand.    This  not  only  stops  the  flow 

Fxo.  4.— Early  stage  of  foot  rot.         of  the  oily  sccretion  for  lubricat- 

( After  Brown.)  j^^  j-j^^  tissucs  in  the  clcft  of  the 

foot  but  causes  inflammation  and  the  formation  of  pus  in  the  biflex 

canal. 

Sores  or  abscesses  varying  in  size  from  that  of  a  millet  seed  to 
that  of  a  silver  dollar  may  appear  just  above  the  coronet  or  in  the 
region  of  the  ankle  as  a  result  of  sheep  having  to  wade  daily  through 
muddy  or  filthy  yards  or  pens.  The  abscesses  are  caused  by  pus- 
producing  organisms  different  from  the  organism  of  lip-and-leg 
disease. 

Symptoms. — In  all  forms  of  noncontagious  foot  disease  lameness  is 
a  prominent  symptom.  An  examination  of  the  affected  feet,  the  fact 
that  few  animals  suffer  from  the  ailment  in  most  cases,  and  a  con- 
sideration of  the  probable  causes  will  help  one  to  distinguish  the 
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disease  from  the  contagious  foot  rot  known  as  lip-and-leg  ulcera- 
tion. 

Treatment. — Foreign  material,  such  as  caked  clay,  sand,  pebbles, 
etc.,  should  be  removed,  wounds  or  cracks  washed,  abscesses  opened 
with  a  clean,  sharp  knife,  and  antiseptics,  such  as  5  per  cent  carbolic 
acid  or  2  per  cent  compound  solution  of  cresol,  applied  to  the  affected 
parts.  Poultices  may  be  applied  to  open  abscesses  and  held  in  place 
for  several  days  by  a  bandage.  Portions  of  diseased  or  loosened  hoofs 
should  be  cut  away.  Removal  of  the  flock  from  muddy  or  filthy 
surroundings  to  dry,  clean  places  checks  the  spread  of  the  abscesses. 

NECROBACILLOSIS  OF  THE  NAVEL  OF  LAMBS. 

Cause. — ^The  organism  Bacillus  necrophorus^  which  causes  lip-and- 
leg  ulceration,  may  be  responsible  also  for  extensive  outbreaks  of  an 


Fig.  5. — Liver  of  lamb,  showing  necrotic  spots. 

internal  disease  of  lambs.  The  organism  gains  access  to  the  liver  by 
way  of  the  navel  cord  during  the  first  day  or  two  after  birth. 

Symptoms. — The  disease  is  rapid  in  its  course.  The  affected  ani- 
mal shows  general  symptoms  of  disease  and  death  follows  in  from 
2  to  10  days  after  birth.  In  one  case  reported  in  Nevada  more  than 
1,500  lambs  died  from  this  trouble  out  of  5,200  lambs  born  on  the 
ranch  that  season.  ^ 

Post-mortem  appearance. — The  most  characteristic  lesions  are  the 
presence  of  grayish,  diseased  spots  up  to  2  inches  in  diameter  on  the 
liver.  These  areas  may  spread  to  adjacent  organs  by  contact.  When 
cut  into,  the  diseased  spots  give  off  a  peculiar,  offensive,  gluelike  odor. 

Treatment. — Medicinal  treatment  is  ineffective.  The  disease  is 
prevented  by  good  sanitary  conditions  at  lambing  time.  If  it  has 
broken  out  the  flock  should  be  moved  to  new  ground  or  quarters. 
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The  navel  cord  should  be  disinfected  soon  after  birth  with  10  per 
cent  carbolic  acid  or  5  per  cent  compound  solution  of  cresol  and 
preferably  lied  close  to  the  navel. 

WHITE  SCOURS  OP  LAMBS. 
(Infectious  diarrhea.) 

White  scours  is  an  acute,  infectious  disease  manifested  by  profuse 
diarrhea.  It  attacks  lambs  shortly  after  birth  or  within  two  or  three 
days,  frequently  affecting  all  the  newborn  in  the  flock.  It  is  not  com- 
mon in  range  flocks. 

Cause. — A  variety  of  microorganisms  has  been  found  associated 
with  the  disease,  but  the  most  common  of  them  is  the  BacUlus  coli 
eommunis.  Dirty  lambing  pens  or  ground  contaminated  with  the 
virulent  organisms  soils  the  udders  of  the  ewes  and  the  organisms  are 
taken  up  by  the  lambs  in  suckling.  Cold  and  rain  weaken  the  young 
lambs  and  predispose  them  to  infection. 

S3miptoms. — Symptoms  appear  in  from  one  to  three  days  after 
birth.  The  lamb  stops  suckling,  is  depressed,  and  lies  down  much  of 
the  time.  The  feces  may  be  yellowish  or  grayish  white  and  may  be 
tinged  with  blood.  They  are  fetid  and  fluid.  Death  occurs  in  from 
one  to  several  days  after  symptoms  are  shown. 

White  scours  is  distinguished  from  simple  diarrhea  by  its  tendency 
to  affect  a  large  number  in  the  flock  at  the  same  time. 

Treatment. — Affected  lambs  should  be  isolated  and  given  2  tea- 
spoonfuls  of  castor  oil  and  an  internal  antiseptic,  such  as  salicylic 
acid  in  doses  of  one-third  teaspoonful  daily  for  several  days.  Anti- 
white-scours  serum  may  be  injected  shortly  after  birth  as  a  pre- 
ventive. On  farms  where  the  disease  has  already  occurred,  ewes 
should  be  placed  before  lambing  in  clean,  disinfected  quarters. 

JOINT  ILL  OF  LAMBS. 
(Navel  iU,  septic  joint  disease.) 

Joint  ill  is  an  acute,  infectious  disease  of  newborn  lambs  which  is 
characterized  by  swelling  of  the  navel  and  joints  of  the  limbs. 

Cause. — Several  common  disease-producing  organisms  may  cause 
joint  ill.  Infection  occurs  principally  before  the  stump  dries,  by 
way  of  the  vein  of  the  torn  navel  cord,  which  has  become  soiled  by 
dirt  or  other  material  harboring  the  pathogenic  organisms. 

Symptoms. — Signs  of  the  disease  usually  occur  within  48  hours 
after  birth.  The  navel  cord  swells,  contains  a  purulent  secretion, 
and  dries  slowly.  The  animal  is  dull,  lies  down  a  good  deal,  and 
loses  the  desire  to  suck.  There  is  stiffness  and  swelling  of  the 
hocks,  stifle  joints,  or  knees.  A  purulent  secretion  may  escape  from 
an  opened  joint.    There  may  be  a  general  septic  condition. 
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Treatment. — Not  much  can  be  done  in  the  case  of  badly  affected 
animals  other  than  to  open  and  disinfect  the  navel  stump  and  to 
nourish  the  animal  artificially  with  milk.  Recovery  is  rarely  com- 
plete. 

To  prevent  the  disease  place  the  pregnant  ewes,  shortly  before 
lambing,  in  clean,  disinfected  quarters  containing  clean,  fresh  straw. 
Wash  the  navel  cord  of  the  newborn  lamb  with  10  per  cent  carbolic- 
acid  solution  or  5  per  cent  compound  solution  of  cresol  as  soon  after 
birth  as  possible  and  repeat  daily  for  two  or  three  days.  Tying  the 
navel  cord  close  to  the  navel  is  also  advisable. 

CASEOUS  LYMPHADENITIS. 
(Cheesy  bronchopneumonia,  pseudotuberculosis.) 

Caseous  lymphadenitis  is  a  chronic,  infectious  disease  of  the  lym- 
phatic system.  The  disease  is  common  in  the  United  States  and 
many  cases  are  observed  by  inspectors  in  slaughtering  establishments. 

Cause. — It  is  caused  by  an  organism,  the  bacillus  of  Preisz. 

S3niiptoms. — ^The  presence  of  the  disease  is  seldom  noticed  except 
through  post-mortem  examination.  Because  of  its  slow,  chronic 
course  it  has  no  marked  effect  upon  lambs  and  sheep  marketed  before 
they  are  2  years  old.  In  older  animals  the  prescapular  lymph 
glands  (in  front  of  the  shoulder)  and  the  precrural  lymph  gland 
(in  the  flank)  may  be  enlarged  to  the  size  of  an  egg  or  larger  and 
may  be  readily  seen  or  felt.  The  animal  may  show  unthriftiness  or 
emaciation.    Fatal  cases  are  rare. 

Post-mortem  appearance. — One  or  more  of  the  lymp  glands  of  the 
body  wall  and  internal  organs  are  greatly  enlarged  and  filled  with 
a  greenish-yellow  cheesy  mass.  The  lungs  may  be  studded  with  small 
tmnors  the  size  of  a  pea,  and  the  liver  and  spleen  may  contain  one  or 
more  tumors.  These  show  the  same  characteristic  greenish-yellow 
material.    Chronic  pleurisy  and  lung  adhesions  fireoften  present. 

Diagnosis. — The  disease  is  distinguished  from  tuberculosis,  which 
is  rare  in  sheep,  by  the  greenish-yellow,  cheesy  appearance  of  the 
timiors. 

Treatment. — No  remedy  is  effective.  The  meat  of  animals  which 
do  not  show  extensive  lesions  or  emaciation  is  fit  for  food.  Affected 
parts  should  be  destroyed. 

TUBERCULOSIS. 
(Consumption.) 

Tuberculosis  is  a  chronic  infectious  disease  characterized  by  the 
formation  of  caseous  nodules  or  tubercles  in  the  lymphatic  glands 
and  internal  organs.    It  is  very  rare  among  sheep  in  America. 
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Cause. — The  organism  Bacillus  tuberculosis  causes  the  disease.  It 
is  contracted  by  exposure  to  infected  animals,  whose  discharges  con- 
taminate the  feed,  drinking  water,  or  air.  Infection  from  contact 
with  tuberculous  cows  has  been  reported. 

Symptoms. — There  is  a  gradual  emaciation  associated  with  lung 
trouble  and  coughing.  The  lymph  glands  of  the  throat  may  swell 
and  cause  bloating. 

Post-mortem  appearance. — Some  of  the  lymph  glands  of  the  head, 
throat,  chest  and  abdominal  cavities,  or  body  wall  are  enlarged  and 
contain  a  yellowish,  cheesy,  or  gritty  material.  The  lungs,  liver, 
spleen,  or  kidneys  may  be  the  seat  of  tumors  containing  such  ma- 
terial. 

Diagnosis. — ^The  disease  may  be  confused  with  caseous  lymphadeni- 
tis, a  common  disease  of  sheep.  The  tumors  of  the  latter  disease 
are  usually  composed  of  greenish-yellow,  cheesy  material.  Tuber- 
culosis may  be  diagnosed  by  the  application  of  the  tuberculin  test. 

Treatment. — No  treatment  is  effective.  Tuberculous  animals  should 
be  destroyed. 

RABIES. 
(Hydrophobia.) 

Babies  is  an  acute,  infectious  disease  affecting  the  brain,  ending 
in  paralysis  and  death. 

Cause. — It  is  caused  by  a  living  virus  which  is  transmitted  to  ani- 
mals and  man  by  the  saliva  of  rabid  animals  through  biting.  Dogs 
are  most  frequently  responsible  for  the  spread  of  rabies,  but  any 
affected  animal  that  bites  another  may  transmit  the  disease. 

Symptoms. — Symptoms  begin  between  two  and  four  weeks  or 
somewhat  longer  after  the  animal  is  bitten.  Death  takes  place  in 
from  two  to  eight  days  later.  There  is  loss  of  appetite  and  a  stop- 
ping of  rumination,  great  unrest,  stamping  of  feet,  and  butting  or 
charging  others  of  the  flock.  The  affected  sheep  will  attack  a  dog 
or  other  intruder.  The  head  may  be  carried  high  and  a  little  to  one 
side.  Bleating  is  higher  in  tone  and  more  plaintive.  Increased 
sexual  excitement  is  marked,  especially  in  the  rams,  the  animals 
continually  riding  one  another  indiscriminately.  Sheep  will  nibble 
at  wood  and  swallow  indigestible  material  of  any  kind.  Occasionally 
a  form  of  dumb  rabies  is  found,  in  which  violent  symptoms  are  not 
pronounced.  Lambs  have  convulsive  fits  and  die  in  a  day  or  two. 
Paralysis  of  the  limbs  precedes  death. 

Post-mortem  appearance. — No  characteristic  changes  are  observed 
in  the  internal  organs,  except  through  microscopic  examination  of 
the  brain.  The  finding  of  small,  round,  foreign  bodies,  known  as 
Negri  bodies,  in  the  brain  cells,  establishes  a  positive  diagnosis  of 
rabies. 
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Treatment. — Affected  sheep  can  not  be  cured.  Those  known  to 
have  been  bitten  by  rabid  animals  may  be  protected  against  the  dis- 
ease by  the  Pasteur  vaccine  treatment  if  promptly  given.  This  is 
expensive,  but  may  be  warranted  in  the  case  of  valuable  sheep. 

FOOT-AND-MOUTH  DISEASE. 
(Aphthous  fever.) 

Foot-and-mouth  disease  is  a  highly  infectious,  acute,  febrile  dis- 
ease of  cloven-footed  animals.  Horses,  dogs,  cats,  poultry,  and 
even  man  may  become  infected.  It  is  characterized  by  the  forma- 
tion of  vesicles  or  blisters  on  the  membrane  of  the  mouth  and  on 
the  skin  between  the  toes  and  above  the  hoofs.  The  disease  does  not 
exist  in  the  United  States.  Since  it  has  broken  out  on  several  occa- 
sions, however,  through  infection  from  abroad,  it  is  a  disease  with 
which  every  livestock  owner  should  be  familiar. 

Cause. — The  cause  of  the  disease  is  too  small  to  be  seen  with  a 
microscope  and  is  known  as  a  filterable  virus.  Transmission  occurs 
by  direct  contact  with  infected  animals  or  by  any  agency,  such  as 
man,  other  animals,  feed,  animal  products,  etc.,  contaminated  with 
discharges  from  affected  animals. 

Symptoms. — In  sheep  the  lesions  are  more  pronounced  in  the  feet, 
the  blisters  being  less  well  marked  in  the  mouth  than  is  the  case  in 
cattle.  All  four  feet  generally  are  the  seat  of  small  blisters,  which 
form  on  the  skin  between  the  toes,  on  the  heel,  or  around  the  top  of • 
the  hoof.  The  animal  is  restless  and  kicks  with  the  hind  feet.  Pain 
becomes  intense,  severe  lameness  is  shown,  and  the  animal  rests  on 
the  knees  or  breastbone  in  feeding  or  lies  down  most  of  the  time. 
The  blisters  rupture,  discharging  a  clear  or  yellowish  fluid,  which 
later  may  become  cloudy  or  purulent;  Frequently  the  hoof  sepa- 
rates from  the  wall. 

In  the  mouth  small  blisters  form  on  the  incisor  pad,  lips,  tongue, 
cheeks,  or  hard  palate.  These  rupture,  discharging  a  clear  fluid  and 
leave  small,  reddened  surfaces  which  heal  rapidly.  A  considerable 
part  of  the  membrane  of  the  mouth  may  be  cast  off.  The  animal 
often  makes  a  smacking  sound  or  grinds  the  teeth. 

Blisters  may  appear  on  the  udder  or  teats.  There  is  a  general 
constitutional  disturbance,  diminished  appetite,  and  loss  of  con- 
dition.   The  temperature  rises  at  first  and  then  drops  to  normaL 

The  disease  runs  its  course  in  from  two  to  three  weeks,  but  is 
prolonged  by  severe  foot  lesions  or  by  complications.  The  mortality 
is  higher  among  lambs  than  among  grown  sheep. 

Diagnosis. — Foot-and-mouth  disease  is  readily  recognized  by  the 
rapid  spread  of  the  disease  in  a  flock,  or  to  cattle  and  hogs,  by  the 
characteristic  blisters  on  the  feet  or  in  the  mouth  and  by  the  severe 
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lameness  in  more  than  one  foot.  In  foot  rot  of  sheep,  lameness  is 
pre^nt  in  the  affected  foot;  but  in  that  case  the  lesions  are  in  the 
form  of  ulcers,  which  usually  develop  at  the  heel  arid  may  eictend 
deeply  into  the  tissues,  causing  erosions  which  discharge  a  purulent 
matter.  A  pungent,  disagreeable  odor  also  is  quite  characteristic  of 
foot  rot. 

Treatment. — Medical  treatment  is  not  practiced  in  this  country,  as 
the  danger  that  the  disease  will  spread  from  an  infected  flock  is  too 
gr^t.  On  each  occasion  when  an  outbreak  has  occurred  slaughter 
of  the  affected  herds  as  early  as  possible  has  prevented  the  disease 
from  gaining  a  permanent  foothold  in  the  country.  During  out- 
breaks of  foot-and-mouth  disease  suspicious  cases  should  be  im- 
mediately reported  by  telegraph  to  the  State  livestock  authorities 
or  to  the  United  States  Bureau  of  Animal  Industry. 

SHEEP  POX. 
(Variola  ovina.) 

Sheep  pox  is  an  acute,  infectious,  eruptive  disease  of  the  skin, 
which  spreads  rapidly  through  a  flock.  It  is  prevalent  in  Europe, 
but  is  not  known  to  exist  in  America. 

Cause. — Sheep  pox  is  caused  by  a  living,  filterable  virus,  and  is 
contracted  principally  by  inhaling  dust  and  air  containing  pox-scab 
material. 

Symptoms. — The  disease  begins  with  high  fever  and  general  con- 
stitutional disturbance.  Round,  red  spots  appear  on  the  parts  of  the 
skin  which  are  free  from  or  only  lightly  covered  with  wool.  Papules 
soon  develop  on  these  spots  and  are  succeeded  by  vesicles  containing 
a  yellowish  or  pale-red  fluid.  The  vesicles  later  become  pustules 
and  then  dry  up  to  form  a  scab  which  is  cast  off.  The  animal  gives 
off  a  peculiar,  sweetish,  repulsive  odor.  The  disease  lasts  about  three 
or  four  weeks,  and  the  mortality  except  in  severe  outbreaks  runs 
from  5  to  10  per  cent. 

Treatment. — European  authorities  advise  slaughter  of  the  first  ani- 
mals affected.  Preventive  vaccination  is  successful,  but  is  carried 
on  under  Government  permit,  because  of  the  danger  of  spreading  the 
disease. 

ACTINOMYCOSIS. 
(Lumpy  jaw»  wooden  tongue.) 

Actinomycosis  is  a  disease  rare  in  sheep,  caused  by  the  ray  fungus 
Actinomyces  hovis^  which  forms  cheesy  tumors  in  the  tongue.  Oc- 
casionally the  lips,  jaws,  or  lungs  may  be  affected. 

Treatment* — Give  2  grains  of  potassium  iodid  in  the  drinking 
water  daily  for  a  period  of  two  weeks, 
185003^—21 3 
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GENERAL  DISEASES. 

'  JAUNDICE. 

(Icterus,  yellows.) 

Jaundice  is  a  common  disease  of  sheep,  but  is  not  often  noticed 
except  at  slaughter.  It  is  characterized  by  the  yellowish  appearance 
of  the  tissues  of  the  body. 

Cause. — Jaundice  results  from  various  affections  of  the  liver,  flukes 
being  a  common  cause.  When  the  bile  does  not  flow  freely  into  the 
intestine  the  coloring  matter  is  absorbed  into  the  blood,  and  a  yellow- 
ish coloration  of  the  body  results. 

Symptoms. — ^The  membranes  of  the  mouth,  nostrils,  and  eye  are 
yellowish.  The  urine  is  stained  varying  shades  of  yellow.  On  post- 
mortem the  carcass  shows  a  yellow  discoloration  which  often  disap- 
pears after  a  day  or  two. 

Treatment. — A  purgative,  such  as  Epsom  salt  or  Glauber's  salt,  4 
ounces,  may  be  given,  likewise  opportunity  for  exercise. 

ICTEROHEMATURIA. 
(Red  water,  malarial  fever,  jaundice.) 

Icterohematuria  is  a  highly  fatal,  febrile  disease  which  is  appar- 
ently restricted  to  limited  areas.  It  has  l)een  reported  from  cer- 
tain valleys  in  Montana  and  from  Colorado. 

Cause. — In  Europe  the  disease  has  been  attributed  to  a  blood  para- 
site of  miscroscopic  size.  In  this  country  its  cause  has  not  been  defi- 
nitely established. 

Symptoms. — Severe  cases  are  characterized  by  weakness;  reddish 
or  bloody  urine ;  yellowish  coloration  of  the  membranes  of  the  eye  and 
nostrils;  swelling  of  the  head,  ears,  or  neck ;  stupor;  unconsciousness; 
and  sometimes  convulsions  followed  by  death  in  from  two  to  five  days 
after  symptoms  are  noticed.  In  mild  cases  no  marked  symptoms 
may  be  observed,  but  yellowish  discoloration  of  the  body  tissues  is 
seen  on  slaughter. 

Post-mortem  appearance. — ^The  skin  and  fat  are  yellowish  in  color, 
and  the  muscles  slightly  yellowish.  The  blood  is  pale,  the  liver  is 
yellowish  and  easily  crumbled,  and  the  gall  bladder  is  filled  with 
yellowish-green  or  greenish-black  bile.  Kidneys  are  enlarged,  soft, 
and  contain  a  bloody  or  dark-colored  urine.  The  bladder  contains 
bloody  or  chocolate-colored  urine.  Yellowish  or  yellowish-green 
gelatinous  liquid  is  found  beneath  the  skin,  between  the  muscles, 
or  in  the  body  cavities. 

Treatment. — Quinine,  one-third  teaspoonful  twice  daily,  is  recom- 
mended, also  Epsom  salt  or  Glauber's  salt,  from  2  to  4  ounces.    The 
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disease  is  prevented  by  keeping  sheep  away  from  pastures  where 
the  condition  exists. 

PERITONITIS. 

Peritonitis  is  an  inflammation  of  the  membrane  lining  the  belly 
cavity  and  covering  the  abdominal  organs. 

Cause. — It  is  seen  generally  after  castration  of  lambs  or  following 
inflammation  of  the  womb  in  ewes.    It  results  from  infection. 

Symptomsw — ^The  principal  symptoms  are  evidences  of  abdominal 
pain.  There  is  plaintive  bleating,  grinding  of  the  teeth,  and  the 
animal  frequently  draws  the  head  around  toward  the  flank.  The 
tanperature  rises.  The  hind  legs  may  be  dragged  stiffly  and  the 
belly  may  be  tucked  up.    Fluid  may  be  felt  in  the  belly. 

Treatment. — The  castration  wound  should  be  washed  with  antisep- 
tics. Stimulating  liniments  or  mustard  water  may  be  applied  to  the 
abdomen. 

ASCITES. 
(Abdominal  dropsy,  water  beUy.) 

The  condition  known  as  ascites  represents  an  accmnulation  of  fluid 
in  the  belly. 

Cause. — ^Ascites  may  be  present  in  several  general  diseases,  and  in 
peritonitis,  internal  parasitic  infestation,  or  in  debilitated  animals, 
especially  during  pregnancy. 

Symptoms. — Gradual  enlargement  or  bulging  of  the  belly  is  a  com- 
mon symptom.  Manipulation  of  the  belly  will  cause  the  fluid  to 
fluctuate  or  move  about.  There  is  a  dull  sound  on  thumping  the 
abdomen.    Affected  ewes  may  give  birth  to  water-bellied  lambs. 

Treatment. — ^The  ailment  which  causes  the  condition  should  be 
treated.  Give  one-half  teaspoonful  of  potassium  iodid  daily  in  a 
Uttle  water  as  a  drench.  The  belly  may  be  tapped  and  the  fluid 
drawn  off. 

ANEMIA. 
(Hydremia,  chlorosis.) 

Anemia  is  a  condition  in  which  the  blood  is  deficient  in  either 
quality  or  quantity. 

Cause. — It  is  most  frequently  due  to  insuflScient  feed  or  to  feed 
deficient  in  proteins  and  mineral  substances,  such  as  iron.  It  occurs 
often  in  animals  grazing  on  marshy  pastures.  Ewes  suckling  lambs 
become  anemic  when  the  quantity  or  quality  of  feed  is  inadequate  for 
Uieir  needs.  Anemia  is  also  associated  with  chronic  wasting  diseases 
and  with  heavy  infestation  with  parasites. 

Symptoms. — ^The  visible  membranes  of  the  eye,  nose,  and  mouth 
are  pale.  There  is  dullness,  weakness,  and  emaciation.  A  dropsical 
swelling  forms  under  the  lower  jaw  and  may  extend  down  the  neck 
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to  the  chest.  The  belly  becomes  dropsical.  The  wool  is  lusterless. 
harsh,  or  brittle,  and  falls  off  in  patches.  Diarrhea  is  present  in  the 
late  stages.  The  animal  may  die  from  loss  of  strength  after  several 
weeks,  or  the  disease  may  continue  for  months. 

Treatment. — Change  of  feed  or  pasture  is  essential.  A  sufficient 
quantity  of  nutritious  feed  should  be  given;  also  administer  iron 
sulphate  (copperas)  in  from  8-  to  15-grain  doses  daily.  Arsenic  in 
the  form  of  Fowler's  solution  in  from  one-quarter  to  1  teaspoonful 
daily  and  vegetable  tonics,  such  as  gentian  or  ginger,  in  from  1  to 
2  teaspoonful  doses  are  of  value  in  aiding  rapid  recovery. 

RICKETS. 
(Rachitis,  leg  weakness.) 

Rickets  is  a  disease  of  lambs  in  which  the  bones  are  soft  and 
flexible  from  retarded  hardening  due  to  lack  of  proper  mineral  salt 

Cause. — Failure  of  the  bones  to  receive  enough  mineral  salts,  espe- 
cially lime,  may  be  due  to  faulty  processes  in  the  body,  but  is  usually 
due  to  lack  of  lime  salts  in  the  feed  and  to  lack  of  exercise.  Suckling 
lambs  may  become  affected  if  the  mothers  do  not  get  feed  enough,  or 
if  the  feed  is  low  in  lime  content.  Some  soils  are  deficient  in  lime, 
and  feed  grown  on  them  is  also  deficient.  Lambs  closely  confined, 
even  if  properly  fed,  may  develop  rickets. 

S)miptoms. — The  sjmiptoms  are  most  apparent  in  the  long  bones  of 
the  legs.  Nodular  enlargements  may  be  observed  on  the  ends  or 
sides  of  the  bones,  which  are  soft  and  porous.  They  are  bent  or 
bowed  outward,  inward,  or  backward.  The  spine  may  be  curved 
also.  Stiffness  or  lameness  is  present.  The  animal  does  not  like  to 
move  about,  lies  down  a  good  deal,  or  crawls  about  and  kneels  when 
eating.  The  second  set  of  teeth  is  slow  in  coming.  The  licking 
or  nibbling  of  walls  is  observed,  and  there  is  a  desire  for  filth  and 
for  foul  water. 

Treatment. — ^Lambs  should  not  be  penned  closely,  but  should  be 
allowed  plenty  of  room  for  exercise.  They  should  also  have  nu- 
tritious feed,  grown  on  good  soil.  Lambs  should  be  given  new  pas- 
ture or  plenty  of  green  feed,  timothy  hay,  clover,  alfalfa,  pea  hay, 
oats,  linseed  cake,  or  other  feeds  rich  in  lime  and  phosphates.  Dams 
of  nurslings  should  be  well  fed  on  such  feeds.  Chalk  (calcium  car- 
bonate) may  be  given  to  ewes  with  suckling  lambs,  or  to  lambs,  in 
doses  of  from  one-half  to  2  teaspoonf uls  daily,  or  sodium  phosphate 
may  be  alternated  with  the  chalk. 

GOITER. 
(Big  neck,  woolless  lambs.) 

Goiter  is  characterized  by  a  swelling  of  the  thyroid  gland,  which 
is  situated  in  the  throat  just  below  the  lower  jaw.    It  is  quite  com- 
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mon  in  sheep  in  various  regions.  Lambs  from  affected  flocks  show 
absence  of  wool  and  enlargement  of  the  throat.  Many  are  bom 
dead,  and  some  die  shortly  after  birth.  Those  that  live  are  often 
unthrifty. 

Cause. — The  disease  is  caused  by  lack  of  iodin  in  the  thyroid  gland. 
This  appears  to  be  due  to  a  scarcity  of  iodin  in  the  vegetation  and 
water  in  certain  districts.  Where  the  pregnant  ewe  can  not  get 
iodin  enough  the  normal  growth  of  the  fetus  is  arrested. 

Treatment. — In  flocks  where  the  disease  exists  pregnant  ewes  should 
be  given  potassiiun  iodid  daily  for  three  months  before  lambing. 
One-half  ounce  of  potassium  iodid  mixed  with  one-half  ounce  of 
milk  sugar  and  dissolved  in  the  drinking  water  daily  is  sufficient 
for  100  ewes. 

RHEUMATISM. 

Cause. — Eheumatism  does  not  occur  so  often  as  a  separate  affection 
as  formerly  believed.  Symptoms  of  soreness,  lameness,  or  stiffness 
associated  with  various  internal  diseases  are  popularly  termed  rheu- 
matism. Eheumatism,  independent  of  other  ailments,  is  generally 
due  to  cold  drafts  and  dampness.  It  affects  the  muscles  and  to  a  less 
extent  the  joints.    Young  animals  are  usually  affected. 

Treatment.— Protection  against  the  causes,  with  application  of 
stimulating  liniments  to  the  affected  parts,  will  help  restore  the 
animal  to  health. 

WOOL  EATING. 

Cause. — ^Wool  eating  is  observed  principally  in  winter,  when  sheep 
are  confined  to  close  quarters.  It  is  often  only  a  bad  habit,  which, 
when  started  by  one  or  more  animals,  is  imitated  by  others.  In  other 
cases  lack  of  essential  mineral  elements  in  the  feed  may  cause  the 
habit. 

Symptoms. — ^Lambs  begin  by  gnawing  the  wool  of  their  mothers, 
usually  on  the  thighs  and  abdomen.  Older  sheep  may  select  one 
animal  and  eat  all  its  wool  before  turning  to  another.  Wool  eating 
may  become  general  in  the  flock.  A  few  lambs  may  become  anemic, 
show  digestive  disturbance,  or  even  die  as  the  result  of  the  formation 
of  wool  balls  in  a  compartment  of  the  stomach  and  the  subsequent 
plugging  of  the  intestine. 

Treatment. — ^Wool  eaters  and  their  victims  should  be  removed  from 
the  flock.  Animals  should  be  turned  out  for  exercise,  and  nutritious 
feed  should  be  provided. 

DISEASES  OF  THE  HEAD  AND  AIR  PASSAGES. 

BIQHEAD. 

Bighead  is  characterized  by  a  sudden  swelling  of  the  head  and 
ears.  The  affection  is  not  very  widely  distributed.  It  is  found  in 
Utah  and  the  surrounding  States,  the  greatest  losses  occurring  in 
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southern  and  central  Utah,  southern  Idaho,  eastern  Nevada,  and 
western  and  southern  Wyoming.  It  is  also  seen  occasionally  in  sheep 
brought  as  feeders  from  those  regions  into  the  Middle  Western  States. 
In  such  cases  the  disease  occurs  shortly  after  the  arrival  of  the  ani- 
mals early  in  the  autumn  if  heat  is  excessive. 

Cause. — ^The  definite  cause  of  bighead  is  not  known,  though  climatic 
conditions  have  much  to  do  with  its  appearance.  Sheep  are  usually 
affected  during  the  spring  and  early  summer  while  being  driven 
from  the  winter  to  the  summer  ranges,  more  commonly  before  shear- 
ing. Bighead  appears  to  be  most  prevalent  after  a  cold  or  stormy 
night,  when  the  day  following  turns  hot  and  the  animals  are  driven 
fast  in  the  hot  sun,  and  when  they  are  compelled  to  inhale  a  con- 
siderable quantity  of  alkali  dust.  It  affects  males  and  females  alike, 
though  it  is  seldom  seen  in  young  lambs.  This  condition  affects 
sheep  in  much  the  same  way  as  man  is  affected  by  poison  ivy.  The 
disease  is  not  transmissible  from  one  sheep  to  another  or  to  other 
animals.  All  experiments  with  transfusion  of  blood  or  injection  of 
serum  from  the  affected  sheep  to  healthy  ones  were  without  results. 

A  disease  of  sheep  in  Europe,  known  as  f agopyrism  or  buckwheat 
poisoning,  is  similar  to  bighead.  In  one  experiment  in  America 
bighead  was  produced  by  feeding  buckwheat  and  exposing  the  ani- 
mals to  the  sun.  In  another  experiment  the  results  were  negative. 
On  the  desert  and  on  different  parts  of  the  trail  sheep  eat  a  number 
of  plants  that  belong  to  the  buckwheat  family,  and  it  is  possible  that 
the  trouble  may  come  from  that  source. 

Symptoms. — ^The  first  noticeable  symptom  is  that  the  animal  begins 
to  throw  its  head  up  and  sidewise  in  a  jerking  manner.  It  is 
greatly  irritated  and  shakes  the  head  and  tries  to  rub  it.  The  ani- 
mal walks  aimlessly  through  the  flock,  often  stamping  its  feet  on 
the  ground,  and  seldom  standing  still  very  long.  The  eyesight 
is  affected,  as  the  animal  follows  a  direct  line,  sometimes  running 
into  other  sheep  and  objects  in  its  path.  In  that  condition  some  of 
the  sheep  wander  away  from  the  flock  and  are  lost,  either  dying  as  a 
result  of  exhaustion  and  starvation  or  becoming  a  prey  to  wild  ani- 
mals. 

If  the  animal  is  watched  after  the  jerking  of  the  head  begins,  one 
can  see  the  ears  turn  red  and  enlarge.  At  about  the  same  time  the 
cheeks  show  congested  appearance.  (See  fig.  6.)  Ears  and  cheeks 
continue  to  enlarge  to  enormous  proportions,  the  ears  drooping 
as  a  result  of  their  weight.  After  the  swellings  are  about  com- 
plete, small  drops  of  serum  of  a  light-yellow  color  begin  to  exude 
from  them.  The  entire  face  becomes  so  swollen  as  to  close  the 
eyes,  and  in  some  cases  the  internal  pressure  of  the  serum  forces 
the  eyeballs  out  of  their  sockets.  Fever  is  always  present  and  shows 
itself  early,  the  temperature  ranging  from  104**  to  107°  F.    In  the 
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severe  forms  this  occurs  in  from  30  minutes  to  1  hour.    The  vision 

being  obstnicted,  the  animal  can  not  see  its  feed  and  the  lips,  cheeks, 

and  tongue   are  so  badly  congested  that  eating  is  impossible.    In 

many  cases  the  tongue  fills  the  mouth  entirely.    In  some  cases  there 

is  a  disturbance  of  the  breathing  due  to  pressure  on  the  trachea  and 


Fig.  6. — Bighead  of  sheep,  showing  swelling  of  eyelid,  face,  and  ear  (ear  had  been 
croix>ed).  Scabs  on  ear,  eyelid,  and  nose  due  to  drying  of  exuded  serum.  Cataj-rhal, 
stringy  discharge  hangs  from  nose.     (After  Buckley.) 

inflammation  of  the  air  passages.  To  some  extent  this  may  be  due 
to  excitement,  and  when  in  that  condition  the  sheep,  if  allowed  to, 
will  continue  to  chase  around  until  completely  exhausted  and  will 
then  lie  down,  usually  never  to  rise.  Others  that  are  only  slightly 
affected  may  recover.  The  skin  often  cracks  or  peels  off  the  swelled 
areas  and  many  animals  lose  the  wool  over  the  entire  body.    Sheep 
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once  affected  are  never  so  good  as  formerly,  as  they  become  unthrifty. 
Many  of  the  ewes  that  carry  lambs  lose  them. 

Post-mortem  appearance. — Sheep  killed  during  the  early  stages  of 
the  disease  show  petechias  (purplish  spots)  in  the  nostrils  and  all 
tissues  of  the  head,  trachea,  and  lungs.  There  is  an  accumulation 
of  serous  or  jellylike  fluid  around  the  eyes,  in  the  cheeks,  between 
the  ears,  below  the  jaws,  and  under  the  mucous  membrane  of  the 
mouth  and  tongue. 

TVhen  sheep  die  as  a  result  of  this  condition,  the  jellylike  material 
is  found  in  different  parts  of  the  body  under  the  mucous  and  serous 
membranes  and  in  some  of  the  muscles.  There  are  often  small  hem- 
orrhagic spots  along  the  intestinal  tract  and  around  the  kidneys. 
There  is  a  congestion  and  thickening  of  the  walls  of  the  lymphatics, 
with  a  swelling  of  the  lymph  glands.  The  blood  circulation  of  the 
head  in  many  instances  is  nearly  shut  off  by  the  pressure  of  the 
swollen  condition.  The  brain  and  spinal  cord  of  the  dead  animal 
contain  an  excessive  amount  of  serum.  The  muscle  tissue  appears 
normal  in  most  parts  of  the  body  except  the  head. 

Treatment. — Different  medicinal  substances  were  experimented 
with  on  affected  sheep  with  the  view  of  finding  some  specific  that 
might  overcome  the  trouble.  The  substances  that  do  the  animals 
most  good  are  emollients,  such  as  vaseline  or  olive  oil,  applied  to 
the  head.  Whenever  affected  sheep  have  absolute  rest  and  some  pro- 
tection from  the  direct  rays  of  the  sun  and  their  heads  are  smeared 
with  emollients  they  recover  in  a  short  time,  while  those  that  are 
not  treated  in  this  manner  but  are  driven  indefinitely  without  these 
precautions,  become  severely  affected,  many  of  them  dying  as  a 
result. 

The  malady  is  prevented  by  handling  sheep  properly,  not  driving 
them  too  far  or  too  fast  on  the  trail  during  the  heat,  especially  before 
shearing  in  the  spring. 

Sheepmen  should  not  become  excited  when  bighead  develops  in 
their  flocks  and  cause  the  herders  to  rush  the  sheep  over  the  ground, 
as  they  do  where  poisonous  plants  exist.  Keep  the  animals  cool  so 
far  as  possible,  and  many  great  losses  can  be  prevented. 

SORE  EYES. 
(Conjunctivitis,  ophthalmia,  the  blinds.) 

Cause. — Disorders  of  the  eye  may  arise  from  a  number  of  causes. 
Inflammation  may  follow  injuries,  or  inclusions  of  dust,  seeds,  pollen, 
etc.,  or  may  accompany  other  diseases,  such  as  catarrh.  At  times  in- 
flammation of  the  eye  becomes  prevalent  in  a  particular  district  or 
region. 
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Sjrmptoms. — ^The^eye  is  kept  closed,  especially  when  exposed  to 
light.  Tears  flow  freely.  At  first  the  discharge  is  watery,  but 
later  it  may  become  purulent.  The  eye  membranes  are  swollen  and 
red.  The  eyeball  may  become  clouded  or  milk  white,  and  in  bad 
cases  it  may  ulcerate  and  rupture.  Cataract  and  blindness  frequently 
follow  successive  attacks  of  ophthalmia. 

Treatment. — ^Any  foreign  matter  in  the  eye  should  be  removed. 
The  eye  should  be  washed  with  3  per  cent  boric-acid  solution,  or, 
b^ter  still,  after  washing  the  eyes  with  lukewarm  water  place  sev- 
eral drops  of  15  per  cent  solution  of  argyrol  on  the  eyeball.  Treat- 
ment should  be  given  twice  a  day,  the  animal  being  kept  in  a  dark 
place  if  possible. 

NASAL  CATARRH. 
(Snuffles.) 

Cause. — Exposure  to  dampness,  rain,  or  cold  weather  after  shear- 
ing predisposes  sheep  to  catarrh.  Lambs  with  little  wool  are  also 
susceptible.  Continued  exposure  to  bad  weather,  nasal  affections, 
and  parasites  in  the  head  may  produce  a  chronic  catarrh. 

Symptoms. — In  acute  catarrh  the  discharge  begins  as  a  clear  fluid, 
which  later  becomes  thick,  stringy,  and  yellowish.  It  may  plug  the 
nostrils  by  drying  around  the  openings.  The  eyes  also  may  become 
congested  and  show  a  discharge.  In  chronic  cases  a  yellowish,  fetid 
discharge  continues  from  the  nose  and  is  especially  marked  after 
exposure  to  bad  weather. 

Treatment. — ^House  or  shelter  the  sheep  in  bad  weather.  The  nos- 
trils may  be  washed  out  and  sprayed  with  cresol  or  coal-tar  disin- 
fectant in  2  per  cent  solution.  Weak  animals  may  be  given  a  stimu- 
lant, such  as  sweet  spirits  of  niter.  Powdered  carbonate  of  iron, 
2  teaspoonfuls,  and  powdered  gentian,  2  teaspoonfuls,  may  be  given 
night  and  morning  in  the  feed. 

BRONCHITIS. 

Cause. — Exposure  to  wet,  windy  weather  or  shearing  or  dipping  in 
cold  weather  may  cause  an  inflammation  of  the  air  tubes.  Bron- 
chitis may  also  follow  nasal  catarrh  or  may  be  due  to  worms  in  the 
air  passages. 

Symptoms. — ^There  is  a  cough,  which  is  dry  and  painful  at  first, 
followed  by  a  moist  cough.  There  is  also  a  discharge  from  the  nose 
and  mouth. 

Treatment. — Provide  warm,  dry  quarters,  and  smear  pine  tar  over 
the  nostrils. 
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PNEUMONIA. 
(Lung  fever,  congestion  of  the  lungs,  pleurisy.) 

Pneumonia  is  an  inflammation  of  the  lungs,  and  may  be  brought 
on  by  a  variety  of  causes.  Young  lambs  are  frequently  affected  by 
a  severe  form  of  septic  pneumonia.  Pleurisy  often  accompanies 
or  follows  pneumonia. 

Cause. — The  most  important  causes  in  sheep  are  microorganisms 
and  parasites.  Pneumonia  is  often  associated  with  specific  diseases, 
such  as  hemorrhagic  septicemia,  anthrax,  or  white  scours  of  lambs. 
Several  varieties  of  microorganisms  produce  pneumonia,  esj>ecially 
in  lambs  when  the  animals  become  predisposed  to  infection  through 
outside  influences.  Animals  sheared  during  the  winter  months  or 
dipped  during  cold  weather  may  be  attacked.  Cold,  wet,  foggy  sea- 
sons predispose  to  pneumonia.  Lambs  may  be  affected  by  sucking 
unclean  udders  or  may  contract  an  infectious  form  of  pneumonia 
from  other  lambs.  Wound  infection  following  castration  may  pro- 
duce pneumonia. 

S3miptoms. — There  is  fever,  increased  blowing  respiration,  flank 
breathing,  cough,  nasal  discharge,  and  loss  of  appetite.  The  animal 
stands  persistently  or  rests  on  the  breastbone.  In  the  septic  form 
in  lambs  the  course  is  rapid,  deaths  occurring  in  from  two  to  six 
days.  The  more  chronic  forms  last  from  three  to  six  weeks.  In  the 
milder  cases  the  condition  generally  improves  and  recovery  is  ap- 
parent after  several  weeks. 

Post-mortem  appearance. — On  autopsy  the  lungs  are  found  en- 
gorged with  blood  and  one  or  both  lungs  may  be  solidified.  The 
pleura  may  be  inflamed  and  show  adhesions  with  the  lungs.  The 
chest  cavity  may  contain  fluid. 

Treatment. — The  causes  which  predispose  to  pneumonia  should  be 
eliminated  so  far  as  possible  by  proper  management  and  housing. 
Infected  animals  should  be  isolated  and  sanitary  measures  instituted. 
Flour  and  bran  gruels  should  be  given.  Salicylate  of  soda  should 
be  given  in  the  drinking  water  in  the  proportion  of  2  teaspoonfuls 
to  each  gallon. 

DISEASES  OF  THE  DIGESTIVE  SYSTEM. 

DEFECTIVE  TEETH. 

Animals  which  show  poor  condition,  indigestion,  or  dropping  the 
cud  may  be  found  upon  examination  to  have  supernumerary,  de- 
fective, or  broken  teeth,  diseased  gums,  or,  in  the  case  of  old  ewes, 
teeth  may  have  fallen  out.  Defective  or  supernumerary  teeth  should 
be  removed,  or  the  affected  animals  prepared  for  slaughter. 
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DROPPING  THE  CUD. 

Cause. — ^When  an  animal  drops  the  cud,  disease  of  the  teeth  or  sore 
mouth  may  be  looked  for.  In  other  cases  it  is  due  to  acidity  of  the 
stomach  or  inferior  feed. 

Sjonptoms. — ^The  contents  of  the  stomach  are  returned  to  the  mouth 
for  mastication,  but  owing  to  acidity,  bad  taste,  or  to  pain  in  chew- 
ing, the  feed  is  dropped  from  the  mouth.  Quantities  of  half-chewed 
feed  may  be  found  on  the  ground. 

Treatment. — ^The  mouth  or  teeth  should  be  attended  to  if  found 
diseased.  Baking  soda  in  from  1  to  2  teaspoonful  doses  will  counter- 
act excessive  acidity  of  the  stomach.  A  purgative,  such  as  Epsom 
salt  in  4-ounc^  doses,  may  be  given.  A  good  quality  of  feed  should 
be  provided. 

STOMATITIS. 
(Necrotic  stomatitis,  sore  mouth  of  lambs,  thrush.) 

Stomatitis  is  an  inflammation  of  the  mouth.  It  may  occur  in 
several  forms,  as  catarrhal,  aphthous,  necrotic,  and  mycotic. 

Cause. — Catarrhal  stomatitis,  or  simple  redness  of  the  mouth,  is 
due  to  irritants  in  the  feed  or  to  irritating  mineral  or  poisonous 
substances.  Aphthous  and  necrotic  stomatitis  are  caused  by  micro- 
organisms.   Mycotic  stomatitis  is  caused  by  fungi  or  molds. 

Symptoms. — ^In  catarrhal  stomatitis  a  diffuse  redness  of  the  mem- 
branes covering  the  tongue,  cheeks,  and  hard  palate  is  observed.  In 
the  aphthous  form  patches  of  yellowish-gray  false  membranes,  made 
up  of  cast-off  fibrin  and  exudates,  are  found  on  the  tongue,  gums, 
and  at  other  points  in  the  mouth  and  throat.  In  the  necrotic  form 
small  ulcers  or  decayed  spots  are  present.  The  mycotic  form  also 
presents  ulcerated  areas. 

In  all  forms  suckling  or  the  taking  of  feed  is  painful.  Saliva 
dribbles  from  the  mouth.  A  disagreeable  odor  is  given  off.  Fre- 
quently the  animal  is  stiff  in  the  limbs,  and  the  back  may  be  arched. 
There  is  an  unthrifty  appearance  and  loss  of  flesh.  In  very  young 
lambs  the  disease  takes  a  rapid  and  fatal  course.  Older  animals  gen- 
erally recover. 

Treatment. — Separate  the  sick  from  the  healthy.  Lambs  unable  to 
suck  should  receive  milk  artificially.  Older  animals  should  have 
bran  mashes,  ground  feed,  or  gruels.  The  mouth  should  be  swabbed 
out  daily  with  such  antiseptics  as  compound  solution  of  cresol, 
carbolic  acid,  or  permanganate  of  potash  in  2  per  cent  solution.  It  is 
also  beneficial  to  dissolve  2  tablespoonfuls  of  borax  in  each  pail  of 
drinking  water. 

CHOKING. 

Cause. — Choking  occurs  as  the  result  of  the  lodging  of  a  piece  of 
root  or  dry,  coarse  feed  in  the  gullet. 
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Symptoms. — Difficult  breathing,  head  stretched  out,  attempts  to 
swallow  or  to  vomit,  stoppage  of  rumination,  and  bloating  suggest 
choking.    Feeling  along  the  gullet  will  reveal  the  obstruction. 

Treatment. — If  the  obstruction  is  near  the  mouth  it  may  be  fished 
out  with  the  fingers  or  an  instrument,  or  forced  up  by  outside  pres- 
sure. If  further  down,  a  little  linseed  oil  may  be  given  and  the 
material  pushed  toward  the  paunch  by  means  of  a  rubber  tube  or 
stout  looped  wire.  In  obstinate  cases  immediate  slaughter  may  be 
advisable. 

INDIGESTION. 
(Impaction  of  rumen,  atony  of  stomach,  grass  staggers.) 

Cause. — ^Indigestion  results  from  the  presence  of  other  diseases; 
from  feeding  coarse,  fibrous,  indigestible  feed  with  little  green  feed ; 
from  spoiled  feed;  or  from  overloading  the  stomach.  The  fourth 
stomach  of  lambs  may  become  impacted  with  curdled  milk. 

Symptoms. — ^There  is  dullness,  loss  of  appetite  and  nmiination, 
bad-smelling  eructations,  constipation  with  passing  at  long  intervals 
of  bad-smelling,  dry,  undigested  dung  in  small  quantities.  The  left 
flank  may  be  distended  and  feel  doughy  to  the  touch. 

Treatment. — Give  purgatives,  such  as  Epsom  salt  or  Glauber's  salt 
in  from  2  to  3  ounce  doses,  or  castor  or  linseed  oil  from  3  to  6 
ounces.  One-half  ounce  of  turpentine  may  be  mixed  with  the  oiL 
Work  up  the  paunch  with  the  hands  over  the  left  flank.  When  the 
animal  begins  to  eat  give  succulent  green  feed  for  a  few  days. 

BLOATING. 
(Hoven,  tjrmpanitis.) 

Bapid  formation  of  a  large  quantity  of  gas  in  the  paunch  causes 
a  bloating  or  distension  of  the  abdomen. 

Causes. — Heavy  feeding  on  various  green  feeds,  such  as  alfalfa, 
clover,  green  oats,  or  pea  vines,  especially  when  wet  or  frosted,  or  on 
grains,  frozen  fruits  or  cabbages,  turnips,  etc.,  may  bring  on  bloat- 
ing. These  feeds  readily  ferment  when  the  paunch  becomes  inactive 
or  paralyzed  from  overdistension  and  a  large  quantity  of  gas  ac- 
cumulates. 

Symptoms. — Evidence  of  bloat  is  readily  apparent.  It  appears 
first  in  the  left  flank  as  a  tense  swelling,  which  sounds  drumlike  on 
tapping  with  the  hand.  Breathing  is  difficult  from  pressure  on  the 
lungs,  the  animal  is  distressed,  staggers,  and  drops  to  the  groimd. 
Death  results  from  suffocation. 

Treatment. — In  acute  cases  the  flank  should  be  pimctured  in  its 
most  prominent  part  with  a  clean  trocar  and  cannula  and  the 
trocar  withdrawn  to  allow  the  gas  to  escape  through  the  cannula. 
A  stomach  tube  or  small  rubber  tube  passed  down  the  gullet  serves 
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the  same  purpose.  Large  doses  of  antiferments  and  stimulants,  such 
as  aromatic  spirits  of  ammonia,  one-half  ounce  in  5  ounces  of  water, 
and  turpentine,  one-half  ounce  in  6  ounces  of  linseed  or  castor  oil, 
should  be  given.  Driving  the  animals  through  cold  water  or  pour- 
ing cold  water  over  the  body  is  beneficial.  Keeping  the  mouth  open 
by  gsLgging  with  a  smooth  stick  tied  behind  the  ears  and  massaging 
the  paunch  with  the  fist  against  the  left  flank  will  aid  in  causing  a 
belching  of  gas. 

QASTROBNTSRITIS. 

(Inflammation  of  stomach  and  intestines.) 

Cause. — Severe  inflammation  of  the  stomach,  generally  the  fourth 
compartment  or  abomasum,  and  of  the  intestine  is  most  often  found 
associated  with  one  of  the  infectious  diseases  or  with  extensive  para- 
sitic infestation.  Other  inflammations  may  be  due  to  moldy  or 
iritating  feeds,  poisons,  and  causes  which  are  included  among  the 
causes  of  colic,  indigestion,  impaction,  and  bloat. 

Symptoms. — There  is  loss  of  appetite,  constipation  followed  by 
diarrhea,  slimy  or  bloodstained  feces,  straining,  colicky  pains,  and 
t^idemess  of  the  abdomen.  The  animal  becomes  poor,  weak,  and 
duD. 

Post-mortem  appearance. — ^The  membrane  lining  the  fourth  stom- 
ach and  intestine  will  be  found  inflamed,  or  covered  by  a  catarrhal, 
slimy  deposit.  The  membrane  may  be  cast  off  in  places.  The  cause 
of  this  inflammation  is  often  apparent  at  autopsy. 

Treatment. — Stimulants  and  purgatives  are  required.  These  may 
include  aromatic  spirits  of  anmionia  from  one-quarter  to  one-half 
ounce  in  5  ounces  of  water  or  linseed  oil,  and  castor  oil  or  Epsom 
salt,  4  ounces.  Nourish  with  warm,  soothing  drinks  containing 
eggs  or  milk.  Provide  warm  quarters  and  feed  carefully  during 
recovery. 

COLIC. 

(BeUyache,  stretches.) 

Cause. — Colic  is  an  acute  abdominal  pain  which  may  be  due  to  a 
variety  of  causes,  among  which  may  be  mentioned  gastritis  or  inflam- 
mation of  the  stomach,  enteritis  or  inflammation  of  the  intestine, 
bloating,  obstruction  in  intestine  or  stomach,  twisting  of  intestine, 
indigestion,  constipation,  sand  in  stomach  or  intestine,  gallstones  in 
the  liver  and  its  ducts,  kidney  stones  in  the  kidneys  or  urinary  tubes, 
worms,  and  peritonitis. 

Sjonptoms. — Pain  is  shown  by  uneasiness,  moaning,  grinding  of  the 
teeth,  stretching,  getting  up  and  lying  down  frequently,  strildng  the 
belly  with  the  hind  feet,  and  looking  toward  the  flank. 

Treatment. — ^Treatment  naturally  depends  upon  a  proper  diagnosis 
of  the  specific  cause  of  the  colic.    Those  forms  which  are  most  com- 
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mon  and  most  amenable  to  treatment  are  benefited  by  giving  stimu- 
lants and  antispasmodics,  such  as  sweet  spirits  of  niter  or  turpentine, 
from  one-quarter  to  one-half  ounce,  and  purgatives,  such  as  Epsom 
salt  or  castor  oil,  4  ounces.  Aftertreatment  should  consist  in  proper 
regulation  of  feed  and  careful  nursing. 

DIARRHEA. 
(Dysentery.) 

Cause. — Common  diarrhea,  as  distinguished  from  white  scours  of 
lambs  and  from  diarrhea  associated  with  specific  diseases,  is  due  to 
disturbances  in  the  digestive  system  from  irritants  in  the  feed, 
change  to  an  abundance  of  succulent  feed,  spoiled  feed,  exposure 
after  shearing,  or  to  the  presence  of  parasitic  worms  in  the  intestine. 

Treatment. — ^The  feed  should  be  examined  and  regulated.  Adverse 
conditions  should  be  corrected.  It  is  best  to  give  a  purgative,  such 
as  Epsom  salt,  4  ounces,  or  castor  or  linseed  oil,  4  ounces,  to  remove 
the  irritating  matter.  If  diarrhea  persists,  subnitrate  of  bismuth 
may  be  given  in  from  one-half  to  1  teaspoonful  doses. 

CONSTIPATION. 

Cause. — Constipation  may  be  a  symptom  of  certain  stages  of  gen- 
eral diseases.  Simple  constipation  is  due  to  digestive  disturbances 
resulting  from  indigestible  dry  feed  with  insufficient  water,  wool 
balls,  especially  in  lambs,  or  lack  of  exercise  in  stalled  rams. 

S3miptoms. — The  animal  is  dull,  appetite  is  decreased,  the  mouth 
is  dry,  and  sometimes  colicky  pains  are  evident.  Attempts  are  made 
to  defecate  and  the  feces  passed  are  hard  and  coated  with  mucus. 

Treatment. — Grown  sheep  should  be  given  4  ounces  of  Epsom  salt 
or  Glauber's  salt  in  a  quart  of  water.  Lambs  should  be  given  a 
smaller  quantity,  according  to  size,  or  2  ounces  of  castor  or  linseed 
oil.    Succulent  green  feed  should  be  fed  for  several  days. 

RETENTION  OF  THE  MECONIUM. 

Eetention  of  the  meconimn  is  observed  in  newborn  lambs  which 
fail  to  pass  the  dung  soon  after  bifth. 

Symptoms. — ^There  are  evidences  of  colicky  pains  as  a  result  of 
intestinal  irritation. 

Treatment. — Give  an  injection  of  linseed  oil  into  the  rectum ;  also 
a  teaspoonful  of  castor  oil  by  the  mouth. 

DISEASES  OF  THE  NERVOUS  SYSTEM. 

MENINGITIS. 

Meningitis  is  manifested  by  inflammation  of  the  brain  and  spinal 
cord  and  their  membranes.    It  is  more  often  seen  in  lambs  than  in 
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old  sheep.  Louping  ill,  a  disease  of  sheep  in  the  British  Isles,  is 
a  form  of  meningitis. 

Cause. — ^The  exact  cause  is  often  obscure.  The  presence  of  micro- 
organisms or  their  toxins,  however,  is  nearly  always  responsible. 
The  blood  stream  may  carry  infection  to  the  parts  from  wounds  re- 
sulting from  injuries,  or  from  local  areas  of  pus  infection  following 
the  castration  or  docking  of  lambs.  Other  infectious  diseases  may 
extend  to  the  brain  or  spinal  cord.  Parasitic  cysts  may  set  up  men- 
ingitis. 

Symptoms. — ^The  symptoms  shown  are  due  to  changes  in  the  cells 
of  the  brain  or  spinal  cord.  These  are  mainly  staggering  gait,  aim- 
less rushing  about,  prostration,  spasmodic  or  convulsive  movements 
of  the  limbs,  drawing  of  the  head  backward  or  to  either  side,  and 
paralysis  of  one  or  all  limbs  or  other  parts  of  the  body.  The  disease 
may  last  for  several  days,  usually  resulting  in  death. 

Post-mortem  appearance. — Congestion,  pus  areas,  or  exudates  may 
be  found  at  some  point  of  the  brain  or  cord,  or  they  may  not  be 
visible  to  the  naked  eye.  Other  diseased  conditions  of  the  body  which 
have  led  to  meningitis  may  be  observed. 

Treatment. — Treatment  is  futile.  The  practice  of  antiseptic  meas- 
ures in  docking  and  castrating  will  do  much  to  prevent  infection 
from  this  source. 

PARALYSIS. 

Paralysis  is  a  loss  of  motion  or  sensation  in  a  part  of  the  body 
and  generally  depends  upon  brain  or  nerve  derangement.  Com- 
monly, however,  the  term  is  used  to  express  lack  of  movement, 
whether  due  to  absence  of  nerve  control,  to  extreme  weakness,  or  to 
disinclination  to  move  as  a  result  of  pain. 

Cause. — ^True  paralysis  in  the  sheep  is  present  in  the  late  stages  of 
rabies,  in  parturient  paralysis  or  milk  fever,  in  meningitis,  and  in 
gid.  Conditions  resembling  paralysis  are  found  in  a  number  of 
the  infectious  and  noninfectious  diseases. 

Treatment. — Treatment  depends  upon  the  cause'^nd  follows  the 
lines  indicated  for  the  diseases  with  which  it  is  associated. 

DISEASES  OF  THE  URINARY  SYSTEM 

BLOODY  URINE. 

(Hematuria.) 

Cause. — ^Reddish  urine  may  be  a  symptom  of  several  diseases,  such 
as  anthrax,  hemorrhagic  septicemia,  icterohematuria,  inflammation 
of  the  kidneys  or  bladder,  and  urinary  calculi  (stones).  It  may  also 
follow  the  eating  of  frozen  feed  or  poisonous  plants. 
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Treatment. — The  condition  which  causes  a  reddening  of  the  mine 
should  be  discovered,  if  possible,  and  treated. 

UREMIA. 

In  cases  of  uremia  toxic  substances  which  should  be  excreted  with 
the  urine  are  retained  in  the  blood. 

Cause. — It  usually  depends  on  retention  of  urine  in  the  bladder  as 
a  result  of  paralysis  of  the  bladder  in  connection  with  other  dis- 
eases or  when  urinary  calculi  are  lodged  in  the  urethra.  Males  are 
more  subject  to  stoppage  of  the  urethra  with  calculi  and  hence  more 
often  show  uremia  than  females.  Bupture  of  the  bladder  and  dis- 
eases of  the  kidneys  also  cause  the  disease. 

S3miptoms. — In  the  early  stages  there  are  frequent  attempts  to  pass 
urine.  Later,  in  acute  cases,  there  is  staggering  gait,  dizziness,  and 
stupor,  leading  to  unconsciousness;  there  are  also  muscular  tremors 
and  uremic  convulsions.  The  breath  smells  of  urine.  Meat  of 
animals  slaughtered  when  suffering  from  uremia  has  a  urinous  odor. 

Treatment. — ^The  urine  should  be  withdrawn  by  means  of  a  small 
catheter,  or,  in  the  case  of  males,  urinary  calculi  should  be  removed 
by  cutting  off  the  S-shaped  tube  at  the  end  of  the  penis,  in  which  the 
calculi  are  generally  lodged. 

GRAVEL. 
(Urinary  calculi.) 

Cause. — Earns  and  wethers  suffer  from  obstruction  of  the  urinary 
passage  with  small  bodies  made  up  of  mineral  salts.  Extensive 
feeding  on  turnips,  sugar  beets,  or  mangles,  or  feeds  rich  in  lime 
salts,  cause  urinary  calculi. 

S)miptoms. — ^The  conunon  symptoms  are  restlessness  and  frequent 
straining  to  urinate,  also  distention  of  the  bladder,  shown  by  swell- 
ing of  the  belly  (water  belly).  The  calculi  are  usually  near  the  end 
of  the  penis,  which  is  partly  protruded. 

Treatment. — The  S-shaped,  free  end  of  the  urethra  at  the  end  of 
the  penis  may  be  amputated  to  remove  the  calculi  and  to  allow  the 
urine  to  flow  freely.  If  the  obstruction  is  further  back,  a  more  diffi- 
cult operation  is  necessary. 

DISEASES  OF  THE  REPRODUCTIVE  SYSTEM. 

ABORTION. 

Cause. — ^Abortion  in  ewes  may  be  due  to  a  variety  of  causes.  It 
may  result  when  the  animal  is  affected  with  a  febrile  disease;  fnHn 
feed  containing  molds,  such  as  ergot ;  from  being  frightened  or  run 
by  dogs;  or  from  rough  handling  or  injury.  It  apparently  occurs 
also  in  some  flocks  as  a  specific  infection  due  to  abortion-producing 
microorganisms. 
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Symptoms. — ^The  animal  about  to  abort  is  restless,  bleats  con- 
stantly, and  has  an  offensive,  glairy  discharge  fix>m  the  vagina. 
The  lamb  is  usually  expelled  dead  or  dies  in  a  short  time.  A  por- 
tion of  afterbirth  may  hang  from  the  genital  opening.  In  infectious 
abortion  the  ewe  has  a  severe  diarrhea,  a  putrid,  dark  discharge 
from  the  vagina,  and  a  necrotic  afterbirth  hanging  from  the  vulva. 

Treatment. — ^When  several  cases  occur  about  the  same  time  and  no 
evidence  of  disease  or  injury  is  apparent  the  feed  should  be  examined 
or  changed.  The  genital  passages  may  be  washed  out  with  com- 
pound solution  of  cresol  in  one- fourth  of  1  per  cent  solution,  or 
carbolic  acid  in  1  per  cent  solution  daily  until  the  discharge  ceases. 
Ketained  afterbirth  should  be  removed  if  it  does  not  come  away  in 
a  day  or  two.  The  hand,  instrument,  and  genital  parts  should  be 
well  disinfected  before  removal  is  attempted.  Where  abortions  in 
the  flock  occur  frequently  and  symptoms  suggest  infectious  abortion, 
all  aborting  animals  should  be  removed  and  the  fetuses  and  after- 
births destroyed.  Liming  the  soiled  areas  or  disinfection  of  pens 
is  of  great  importance  in  preventing  the  spread  of  infection. 

DEATH  OF  FETUS  IN  WOMB. 

Death  of  the  fetus  in  the  womb  may  be  manifested  by  metritis 
(inflanmiation  of  the  womb)  accompanied  with  a  purulent  discharge, 
or  no  external  symptoms  may  be  shown,  and  the  fetus  dries  up  or 
becomes  munmiified.  In  the  former  case  the  treatment  as  given  for 
metritis  is  indicated.  In  the  latter  case  the  udder  is  milked  out  to 
guard  against  manunitis  and  the  animal  is  fattened  for  slaughter. 

EVERSION  OP  UTERUS  AND  VAGINA. 

Causes. — Protrusion  of  the  genital  organs  through  the  vulva  may 
result  from  violent  spasms  of  the  uterus,  severe  straining,  or  from 
forcible  extraction  of  the  lamb. 

Treatment. — ^The  parts  should  be  thoroughly  cleaned,  washed  with 
a  2  per  cent  carbolic-acid  solution,  and,  after  the  fetal  membranes 
are  removed,  gently  forced  back  through  the  vagina.  Sutures 
through  the  skin  on  each  side  of  the  vagina  and  passing  over  the 
opening  will  prevent  a  recurrence.  If  badly  inflamed  or  gangrenous, 
ti^  parts  may  be  removed  by  proper  surgical  methods. 

DYSTOCIA. 
(Difficult  lambing.) 

The  condition  known  as  dystocia  should  be  handled  by  a  veteri- 
narian or  one  thoroughly  acquainted  with  the  anatomy  of  the  genital 
organs  and  the  various  positions  which  fetuses  assume  in  presenta- 
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tion  for  birth.  It  is  seen  most  frequently  in  ewes  when  they  lamb 
for  the  first  time.  Parts  of  each  of  twin  lam];)s  entering  the  pelvic 
cavity  at  the  same  time  are  often  responsible.  When  the  head  or 
legs  are  not  presented  in  a  normal  manner  or  when  the  fetus  is 
malformed  dystocia  is  evident. 

Treatment. — ^The  ewe  should  be  held  and  her  genital  passage  and 
the  hand  of  the  operator  lubricated  with  linseed  oil.  The  fetus  is 
pushed  back  into  the  uterus  and  rotated  into  position  for  normal 
presentation.  A  cord  is  passed  over  the  feet,  either  fore  or  hind, 
according  to  the  position  of  the  fetus,  and  moderate  traction  applied 
as  an  aid  to  the  efforts  of  the  ewe.  In  assisting  the  ewe  to  pass  the 
lamb  care  should  be  taken  to  see  that  the  hands  and  instruments  are 
disinfected  and  that  no  injury  is  done  to  the  genital  passage. 

METRITIS. 
(Inflammation  of  the  womb.) 

Inflammation  of  the  generative  organs  of  the  ewe  is  nearly  always 
of  the  septic  form,  runs  a  rapid  course,  and  is  generally  fatal. 

Cause. — ^It  may  occur  after  abortion  or  after  normal  birUi,  but 
usually  follows  difficult  labor  and  forcible  removal  of  the  fetus. 
Injuries  or  tears  of  the  uterus  or  vagina  become  infected  by  micro- 
organisms and  a  septic  condition  is  set  up.  Eetained  afterbirth  or 
a  dead  fetus  in  the  womb  decomposes  and  sets  up  metritis. 

Symptoms. — ^The  ewe  shows  weakness,  prostration,  and  distention 
of  the  rumen.  There  is  frequent  straining  and  a  discharge  from  the 
vagina.  If  the  animal  survives  the  acute  form,  a  chronic  discharge 
may  continue.    Ascites  (abdominal  dropsy)  is  often  present. 

Treatment. — Treatment  of  septic  metritis  is  not  satisfactory. 
Early  flushing  of  the  uterus  with  mild  antiseptics,  such  as  hydrogen 
peroxid  (5  per  cent)  or  carbolic  acid  (1  per  cent)  is  very  important. 
A  retained  membrane  or  fetus  should  be  removed  by  a  veterinarian. 
Since  infection  may  be  carried  from  an  infected  to  a  healthy  ewe, 
the  operator  should  disinfect  well  before  handling  another  stnin^al 

PREPARTURIENT  PARALYSIS. 
(Before-lambing  paralsrsis.) 

The  disease  known  as  preparturient  paralysis  occurs  in  pregnant 
ewes  shortly  before  lambing.  It  is  not  common  in  range  sheep,  but 
is  often  seen  in  sheep  on  farms  where  high  feeding  and  failure  to 
give  the  ewes  space  enough  for  exercise  before  parturition  brings  on 
excessive  fatness. 

Cause. — Too  much  rich  or  concentrated  feed,  without  exercise 
enough  to  use  up  the  excessive  accumulation  of  food  material  in  the 
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body  and  stimulate  the  throwing  off  of  poisonous  body  products, 
predisposes  the  animal  to  preparturient  paralysis.  Twin  lambs  are 
often  responsible  for  the  condition. 

Sjrmptoms. — In  the  most  violent  cases  the  ewe,  without  showing 
any  earlier  symptoms,  falls  insensible  and  dies  in  a  short  time  with 
or  without  convulsions.  In  the  more  common  form,  which  may  last 
four  or  five  days  or  longer,  there  is  first  seen  twitching  of  the  muscles 
of  the  hind  parts  and  ears,  loss  of  appetite,  weakne^,  staggering 
gait,  stupor,  and  a  dark  discharge  from  the  vagina.  Lambing  may 
take  place  and  the  animal  may  recover,  followed  by  the  shedding  of 
wool.  In  other  cases  severe  prostration  is  observed,  the  lamb  may 
be  expelled  dead,  the  ewe  becomes  completely  insensible,  and  death 
follows. 

Treatment. — ^Proper  feeding  and  provision  for  exercise  for  some 
time  before  the  lambing  period  will  guard  against  this  condition. 
Affected  ewes  should  be  given  6  ounces  of  Epsom  salt  as  soon  as 
symptoms  are  noticed,  or  if  the  animal  is  not  too  weak,  from  5  to  10 
^ps  of  croton  oil  in  a  tablespoonful  of  linseed  oil.  Stimulants,  such 
as  strong  coffee,  may  be  given  frequently. 

MILK  FEVER  OF  EWES. 
(After-lambing  paralsrsis,  eclampsia.) 

Milk  fever  of  ewes  is  characterized  by  paralysis  shortly  after 
lambing. 

Cause. — The  cause  of  milk  fever  is  not  known,  but  it  is  thought  to 
be  due  to  toxins  which  develop  in  the  udders  of  animals  which  are 
heavily  fed  and  show  heavy  milk  production  at  the  time  of  lambing. 

Symptoms. — ^Within  a  day  or  two  after  giving  birth  the  ewe  shows 
a  loss  of  appetite,  restlessness,  weakness,  and  falls  to  the  ground, 
lying  in  a  comatose  condition  as  if  paralyzed.  In  favorable  cases 
recovery  takes  place  rapidly.  In  unfavorable  cases  death  may  follow 
in  a  short  time.  The  disease  is  sometimes  brought  on  by  the  death  of 
the  lamb  or  by  its  being  taken  away  from  the  mother. 

Treatment, — ^The  injection  of  air  into  the  udder  through  the  teats 
effects  a  cure.  This  may  be  done  by  means  of  a  syringe,  or  by  a 
hard-rubber  bulb  applied  over  the  opening  in  the  teat. 

MAMMITIS. 
(Blue  bag»  garget,  caked  udder.) 

Mammitis  is  an  inflammatory  disease  of  the  udder  and  is  frequent 
in  ewes  suckling  young.  It  may  occur  in  a  mild  or  in  a  gangrenous 
form. 
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'  Cause. — ^It  is  generaUy  due  to  the  action  of  microorganisms  which 
multiply  in  the  milk  and  tissues  of  the  udder  and  set  up  inflamma- 
tory changes.  Secondary  influences,  such  as  injuries,  the  loss  of  the 
young  with  consequent  accumulation  of  milk  in  the  udder,  or  sys- 
temic derangements  favor  the  development  of  disease  germs. 

Symptoms. — One-half  of  the  udder  or  the  whole  udder  may  be 
affected.  The  part  is  hot,  swollen,  and  doughy,  or  hard.  There  is 
restlessness  and  pain  when  suckled.  The  milk  secretion  becomes 
thick,  yellowish,  and  at  times  bloodstained.  Gangrene  of  the  udder, 
with  bluish  discoloration,  may  ensue. 

Treatment. — ^The  animal  should  be  removed  from  the  flock.  The 
udder  should  be  milked  frequently  and  hot  applications  made; 
also  the  part  should  be  rubbed  well  or  massaged.  Turpentine  lini- 
ment or  tincture  of  iodin  may  be  applied.  Badly  abscessed  udders 
may  be  lanced,  or  the  udder  may  be  removed  by  a  veterinarian. 
Animals  which  recover  are  usually  fattened  for  slaughter. 

REVIVING  CHILLED  LAMBS. 

In  case  of  twins  the  first  born  may  become  chilled  before  the  ewe 
has  time  to  lick  it  dry  or  suckle  it.  Newborn  lambs  frequently 
become  chilled  through  inattention  in  cold  weather. 

Comfortable  lambing  barns  should  be  provided.  Chilled  lambs 
may  be  placed  in  warm  quarters,  wrapped  in  blankets,  or  the  body 
may  be  immersed  in  a  tub  of  warm  water.  When  revived  the  lamb 
is  wiped  dry  and  given  to  its  mother  or  held  at  her  side  until  it 
has  suckled. 

DISEASES  OF  THE  SKIN. 

ECZEMA. 
(Rain  rot,  greasy  heeL) 

Eczema  is  a  disease  of  the  skin  characterized  by  congestion,  exu- 
dation, and  itching. 

Qause. — ^The  most  important  form  of  eczema  is  found  in  loose- 
wooled  sheep  and  affects  principally  the  back,  loins,  and  croup.  It 
results  when  the  animal  gets  wet  to  the  skin  in  cold,  damp  weather. 
Continued  dampness  of  the  skin  sets  up  an  inflanmiation.  This  con- 
dition is  known  as  fat  scab  or  rain  rot. 

Greasy  heel  occurring  on  the  fetlocks,  and  eczema  between  the 
claws,  are  seen  in  sheep  kept  in  damp  or  dirty  places. 

Solar  eczema  results  from  exposure  to  the  sim  soon  after  shearing. 

Irritants  on  the  skin,  such  as  strong  sheep  dips,  may  cause  eczema. 

Symptoms. — The  skin  is  swollen,  cracked  in  spots,  reddened,  and 
covered  with  a  moist  exudate  which  dries  and  forms  scabs.  Itching 
is  present.    Patches  of  wool  fall  out. 
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Treatment. — ^Recovery  takes  place  in  a  short  time  when  the  condi- 
tions which  bring  on  eczema  are  removed.  Rain  rot  disappears  in 
dry  weather. 

RINGWORM. 

Ringworm  is  an  infectious  skin  disease  which,  in  sheep,  is  not  very 
often  seen  in  the  United  States. 

Cause. — It  is  caused  by  a  fungus,  Trichophyton  tonsurans^  which 
grows  around  the  roots  of  the  wool  and  forms  an  enormous  number 
of  spores  (seeds).  The  disease  when  once  in  a  flock  may  be  trans- 
ferred from  one  animal  to  another  by  direct  contact  or  by  rubbing 
posts. 

Sjrmptoms. — Small  circular  spots  covered  by  a  grayish-white  crust 
appear  on  the  back,  neck,  face,  chest,  or  shoulder.  They  may  be  de- 
tected by  the  matting  of  the  wool  into  small  tufts  which  stand  out 
prominently.  Itching  is  severe  and  the  animal  rubs  the  affected 
parts.  The  skin  is  reddened.  Ringworm  areas  may  extend,  unite, 
and  lead  to  baldness. 

Treatment, — ^Diseased  animals  should  be  isolated  as  soon  as  symp- 
toms are  noticed,  and  pens  or  rubbing  places  should  be  disinfected. 
Shear  the  affected  regions.  Soften  the  ringworm  crusts  with  the 
aid  of  soft  soap  or  an  oily  substance  and  remove  them.  Apply  an 
ointment  of  cresol  or  carbolic  acid  1  part  and  lanolin  or  vaseline  10 
parts;  tincture  of  iodin  may  be  substituted.  Applications  should  be 
repeated  daily  imtil  healing  is  effected. 

BUCKWHEAT  RASH. 
(Pagopyrism.) 

A  mild  or  severe  inflammation  of  the  ddn  of  white  sheep  is  asso- 
ciated with  the  feeding  of  buckwheat  and  exposure  to  direct  sunlight. 
Black  sheep  or  black  areas  on  white  sheep  are  not  affected.  This 
disease  is  reported  from  Europe  but  closely  resembles  bighead  in 
American  sheep. 

Cause. — The  green  flowering  buckwheat  plant  is  more  active  than 
either  the  grain  or  dried  plant.  Exposure  to  direct  sunlight  within 
a  few  days  after  eating  buckwheat  is  necessary  to  production  of  the 
rash. 

Sjrmptoms. — ^In  mild  cases  the  skin  is  reddened,  slightly  swollen, 
and  itches.  Recovery  takes  place  in  a  day  or  two,  leaving  a  brownish 
discoloration  of  the  skin. 

In  severe  cases  the  affected  skin  is  deeply  reddened,  considerably 
swollen,  and  the  itching  is  intense.  Vesicles  form,  rupture,  and 
leave  crusts.  The  head  may  be  badly  swollen  and  the  ears  drooped. 
The  animal  runs  about  wildly.  In  fatal  cases  death  occurs  after 
10  or  12  hours.    Otherwise  the  animal  recovers  within  a  few  days. 
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Treatment. — Give  from  2  to  4  ounces  of  castor  oil.  Stop  feeding 
buckwheat.  Keep  the  animals  under  cover  or  in  a  shady  place  for 
a  few  days  when  the  sun's  rays  are  intense.  Olive  oil,  cottonseed 
oil,  or  vaseline  should  be  rubbed  over  the  affected  areas. 

DANDRUFF. 
(False  scab,  taUow  scab.) 

Whitish-yellowish  or  brownish-yellow  greasy  scales  may  be  ob- 
served on  the  back,  shoulders,  breast,  or  neck.  The  scales  consist  of 
oily  secretion  and  cells  of  the  outer  layer  of  the  skin.  Itching  is 
absent,  but  the  animal  may  pull  wool  from  the  affected  areas. 

Cause. — Frequently  no  cause  is  apparent,  but  animals  in  poor  con- 
condition  or  suffering  from  other  ailments  are  most  often  affected. 

Treatment. — The  disease  is  not  of  common  occurrence  and  is  of 
small  importance.  Good  nourishment  and  care  of  the  skin  generally 
correct  the  disorder. 

BALDNESS. 
(Alopecia,  falling  out  of  the  wooL) 

Baldness  is  observed  as  a  symptom  or  as  a  result  of  several  dis- 
eases, namely,  scab,  blue  bag,  metritis,  eczema,  ringworm,  or  dandruff. 
Its  control  rests  upon  the  proper  treatment  of  the  disease  from  which 
it  results. 
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INFECTIOUS  and  noninfectious  diseases  and  com- 
mon ailments  of  sheep  in  America  are  considered 
in  this  bulletin.  It  does  not  deal  with  diseases 
caused  by  animal  parasites,  such  as  gid,  grub  in  the 
head,  stomach,  lung,  and  intestinal-worm  affections, 
Uver  rot,  scabies,  etc,  nor  with  plant  poisoning. 
These  diseases  are  described  in  other  publications 
of  the  Department  of  Agriculture. 

The  aim  has  been  to  give  only  the  more  important 
or  characteristic  symptoms  which  would  be  of  value 
in  distinguishing  one  disease  from  another. 

Sheep  owners  are  reminded  that  a  disease  does  not 
always  display  identical  symptoms  in  each  animal, 
and  also  that  certain  general  symptoms  may  be  pres- 
ent in  a  number  of  diseases.  Hence  in  important 
cases  it  is  advisable  to  call  in  a  veterinarian,  if  one 
is  available,  rather  than  trust  too  much  to  one's  own 
powers  of  observation. 

Methods  of  tr^tment  are  outlined  with  regard  to 
ease  of  application  and  the  use  of  remedies  which 
are  both  effective  and  easily  procured. 

Much  may  be  done  to  prevent  disease  and  to  keep 
sheep  in  a  healthy  condition  by  proper  care,  feeding, 
and  sanitation.  Information  as  to  disinfection  and 
disinfectants  may  be  found  in  Farmers'  Bulletins 
926  and  954. 
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THE  ANGOUMOIS  grain  moth,  primarily  a  pest 
of  wheat  and  corn  in  this  country,  attacks  all 
cereal  grains.  It  is  particularly  injurious  through- 
out the  Southern  States.  It  does  little  harm  north 
of  central  New  Jersey  except  to  cereals  in  storage. 

It  is  second  to  the  rice  or  "  black  "  weevil  in  its 
capacity  to  damage  grain.  Often  entire  crops  of 
corn  and  wheat  are  ruined.  Millers  are  known  to 
have  refused  to  buy  badly  affected  crops,  as  flour 
made  from  damaged  wheat  is  not  fit  to  eat  Wheat 
loses  through  moth  attack  about  52  per  cent  in 
weight.  Corn,  being  larger,  loses  from  12  to  24  per 
cent  in  weight  when  kernels  are  attacked  by  a  single 
insect  only.  As  many  as  three  or  four  moths,  how- 
ever, may  develop  in  one  com  kernel.  The  feeding 
of  a  single  insect  will  completely  ruin  so  small  a 
grain  as  milo  or  sorghum. 

Farmers  suffer  losses  unnecessarily.  Losses  can 
be  prevented  by  watchfulness  and  by  application  of 
measures  advocaied  in  this  bulletin.  Choose  be- 
tween prompt  harvesting,  early  thrashing  or  shuck- 
ing, proper  storage,  and  little  loss,  and  delayed  har- 
vesting, delayed  thrashing. in  case  of  wheat,  care- 
less or  improper  storage,  and  large  losses.  Well- 
informed  farmers  are  storing  corn  and  wheat  with- 
out loss  by  giving  attention  to  cultural  methods  and 
treatment  in  storage  by  fumigation.  Where  one 
succeeds,  all  can. 

All  farmers  can  support  campaigns  to  kill  out  the 
Angoumois  grain  moth.  No  pest  can  be  controlled 
more  effectively.  If  county  agents  will  unite  farm- 
ers to  fight  this  pest  they  will  save  their  counties 
grain  worth  many  times  the  salaries  paid  them. 
Success  awaits  intelligent  action. 
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ESTABLISHMENT  AND  SPREAD  IN  AMERICA. 

The  Angoumois  grain  moth  is  a  European  pest  that  has  become 
destructive  to  com,  wheat,  and  other  grains  in  this  coimtry  as  a 
result  of  international  commerce.  It  is  called  the  Angoumois  grain 
moth  because  long  before  the  early  days  of  the  American  Republic 
it  had  been  a  pest  in  the  Angoiunois  Province  of  France.  It  is 
known  also  in  America  by  the  popular  name  of  "fly  weevil." 

In  the  early  days  of  American  history  there  was  no  Federal  Horti- 
cultural Board  to  protect  our  agriculture  from  foreign  pests.  The 
Angoumois  grain  moth  is  one  of  those  pests  that  are  easily  carried 
m  grain  from  place  to  place.  It  was  brought  many  times  to  this 
country  in  seed  introduced  from  Europe  by  the  earlier  settlers  of 
the  various  colonies  along  the  Atlantic  seaboard.  Since  it  is  a  pest 
that  is  easily  killed  out  by  very  cold  winters,  it  is  natural  that  its 
establishment  in  this  country  occurred  in  one  of  the  Southern  States. 
The  first  report  of  the  occurrence  of  the  Angoiunois  grain  moth  in 
this  country  was  in  1728,  in  North  Carolina,  where  it  was  causing 
damage  to  wheat.  It  was  first  reported  in  Maryland  about  1769. 
Between  1728  and  1775  it  had  spread  northward  into  Virginia, 
Maryland,  lower  Delaware,  and  probably  southern  New  Jersey. 
In  1852  Harris  wrote  that  wheat  in  Kentucky  and  in  the  southern 
parts  of  Ohio  and  Indiana  was  already  affected.  Though  exact  rec- 
ords of  spread  are  not  available,  it  is  enough  to  know  that 
from  the  original  North  Carolina- Virginia  infestation  the  Angou- 
mois grain  moth  has  spread,  chiefly  through  the  shipment  of  seeds, 

*  Sitotroga  cerealella  Oliv. 
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Fig.  1. — Life  cycle  of  Ihe  Angoumois  grain  moth  in  corn.  The  adult  moth  is  shown 
at  a  and  g.  The  larva  is  shown  in  different  stages  of  its  growth  at  b,  c,  d,  and  e. 
Notice  that  it  begins  feeding  at  the  soft  germ  end  of  the  seed  and  as  it  becomes  larger 
eats  out  into  the  harder  part  of  the  com.  The  larva  transforms  to  the  pupa  as 
sl^own  at  f.    From  the  pupa  develops  the  adult  moth  g  of  the  second  generation. 

southward  through  all  the  Southern  States  and  northward.  The 
farther  South  it  has  spread  the  more  destructive  it  has  become, 
because  it  can  multiply  unhampered  by  long,  cold  winters.  On  the 
other  hand,  its  spread  northward  has  been  limited  by  increa^gly 
cold  winter  weather. 

Wliile  the  moth  causes  much  injury  to  the  wheat  crops  in  the 
southern  parts  of  the  North  Central  States  and  New  Jersey,  Delaware, 
southeastern  Pennsylvania,  Maryland,  and  Virginia,  crops  grown 
still  farther  north  are  increasingly  immune  to  attack  in  the  field. 
After  one  passes  the  fortieth  degree  of  north  latitude  injury  from 
the  Angoumois  grain  moth  decreases  rapidly.  Because  of  the  ease 
with  which  it  can  be  carried  in  seeds  the  Angoiunois  grain  moth,  is 
now  and  then  reported  from  all  States,  even  those  possessing  a  climate 
far  too  cold  to  permit  it  to  become  a  general  pest. 

DESCRIPTION. 

The  Angoumois  grain  moth  passes  through  the  usual  insect  stages — 
the  parent  insect  or  moth,  the  egg,  the  larva,  and  the  pupa.  The 
moth  is  shown  in  figures  1,  8,  11,  and  on  title  page.  It  varies  some- 
what in  color  from  buflF  to  grayish  or  yellowish  brown. .  In  size  it 
varies  with  the  size  of  the  grain  in  which  it  matures,  but  is  never 
more  than  0.6  to  0.7  of  an  inch  from  tip  to  tip  of  wings  when  these 
are  spread  as  shown  in  figure  8.  The  average  wing  spread  of  the 
moth  is  about  one-half  inch.  Whenever  moths  of  this  size,  closely 
resembling  ordinary  clothes  moths,  are  seen  flying  about  grain  it 
is  reasonably  certain  that  the  grain  is  infested  with  the  Angoimiois 
grain  moth.    The  eggs  laid  by  the  moth  are  about  one- fortieth  of  an 
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inch  long  and  are  too  small  to  b^  seen  without  the  aid  of  a  magnifying 
glass.    They  are  laid  on  or  near  the  grain.    They  are  white  when 
first  deposited,  but  later  turn  a  reddish  color  before  the  larva  or 
grub  hatches.    A  moth  may  lay  as  many  as  150  eggs.    An  egg  is 
shown  in  figure  8,  b.    The  larva  is  shown  in  figures  1,  8,  and  on  title 
page.    When  just  hatched  the  larva  is  tiny,  being  no  thicker  than  a 
hair.    After  feeding  in  the  grain  it  becomes  full  grown  and  is  then 
about  one-fifth  of  an  inch  long,  white  in 
color,  with  a  yellowish-brown  head.    The 
pupa  or  chrysalis  is  reddish  brown  and  is 
shown  in  figures  1,  5,  and  8. 

INJURY. 

Injury  to  grains  by  the  Angoumois 
grain  moth  always  takes  place  in  the 
larval  stage.  Injury  is  more  difficult  to 
detect  in  the  early  stages  of  infestation 
because  the  grub  or  larva  bores  its  way 
into  the  seeds  when  it  is  so  small  that  the 
hole  by  which  it  enters  can  not  be  found 
without  a  close  search  with  a  magnifying 
glass.  Usually  after  it  has  eaten  its  way 
into  the  seed,  the  larva  turns  about  and 
spins  a  silken  web  over  the  opening  by 
which  it  has  entered,  thus  making  it  even 
more  difficult  to  locate  the  entrance  hole. 
Once  within  the  seed,  the  grub  eats  out 
the  interior  where  it  feeds  unseen  and 
often  unsuspected  by  the  owner  of  the 
grain.  Usually  the  first  indication  the 
average  grower  has  that  his  grain  is  in- 
fested is  the  simultaneous  appearance  of 
moths  and  the  round  holes  (figs.  2,  ^  7,  8, 
and  9)  that  appear  in  the  individual  ker- 
nels, or  sometimes  by  the  heating  of  the 
grain  in  the  bin.  Then  he  finds  upon 
cutting  open  the  seeds  in  which  the  holes 
have  appeared  that  they  have  been  hol- 
lowed out  by  the  larva  (figs.  1,  4,  5,  and 
8)  and  that  his  grain  has  not  only  lost 
heavily  in  weight  but  that  it  contains 
much  excrement  and  webbing  left  be- 
hind by  the  insect.  The  larva  has  jaws 
called  mandibles,  and  it  uses  them  almost 


FiQ.  2. — An  ear  of  corn  showing 
the  emergence  holes  of  the 
Angoumois  grain  moth.  When 
these  holes  begin  to  appear 
in  your  com  and  small 
clothes-moth-llke  millers  are 
found  flying  when  the  com  is 
disturbed,  you  may  be  certain 
that  the  Angoumois  grain 
moth  is  already  damaging 
your  com. 
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Fio.  3. — An  ear  of  rorn  badly  damaged  by  the  ADgoumois 
grain  moth,  broken  in  two  to  show  how  perfect  the 
Icernels  may  appear  when  viewed  from  the  side. 


continuously,  first  to 
gnaw  its  way  into 
the  seed  and  then 
to  eat  out  the  con- 
tents of  the  seeds 
to  secure  nourish- 
ment for  its  growth 
and  to  make  the 
circular  opening 
through  which  the 
moth  itself  emerges 
from  the  seed.  The 
circular  opening  is 
not  cut  until  the 
larva  has  become 
full  grown.  It  then 
eats  out  a  channel 
to  the  outside  of  the 
seed,  leaving  the 
merest  film  of  the 
seed  coat  intact. 
The  moth  is  strong 
enough  to  push  off  this  "  cap  "  when  it  leaves  the  seed.  The  open- 
ing is  often  called  the  emergence  hole. 

TIME  REQUIRED  FOR  DEVELOPMENT. 

Under  ordinary  atmospheric  conditions,  temperature  has  every- 
thing to  do  with  the  development  of  the  Angoumois  grain  moth.  All 
eggs,  larv8e,  pupse,  and  adult  moths  are  killed  if  the  grain  is  heated 
throughout  to  a  temperature  of  120°  F.  Exposure  of  the  eggs  to  a 
temperature  of  1°  F.  for  24  hours  has  prevented  their  hatching. 
Ordinary  winter  storage  temperatures  below  60**  F.  in  regions  where 
the  moth  is  a  real  pest  will  hold  the  moth  in  a  quiescent  or  dormant 
state,  but  will  not  kill.  Development  goes  on  slowly  between  60°  and 
70**  F.,  and  very  rapidly  between  70°  and  95°  F.  It  does  not  matter 
whether  these  temperatures  obtain  indoors  or  out  of  doors.  This  ex- 
plains how  the  Angoumois  grain  moth  can  breed  generation  after 
generation  in  warehouses  or  rooms  kept  at  a  moderately  high  tem- 
perature in  a  cold  climate  with  outdoor  temperatures  too  low  for 
the  moth. 

Experimental  work  has  not  determined  the  developmental  period 
of  the  Angoumois  grain  moth  for  various  temperatures.  The  eggs 
will  hatch  during  the  heat  of  simmier  in  from  7  to  10  days.  Eggs 
may  not  hatch  in  colder  weather  in  3  or  4  weeka     In  general,  the 
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life  cycle  representing  one  generation  from  egg  to  adult  requires 
in  warm  summer  weather  from  5  to  7  weeks,  though  the  immature 
stages  have  been  passed  in  as  few  as  4  weeks.    During  the  cold  of 
winter  months  the  larva  lies  dormant  for  4  or  5  months  and  the  life 
cycle  may  be  fully  6  months  long.     In  the  southern  wheat  belt  of 
New  Jersey  there  may  be 
five  generations  of  moths 
in  a  year  under  prevailing 
cultural  conditions  where 
wheat  is  left  in  the  field 
until   late   in  the  season. 
The     farther     south     one 
goes    the    greater    is    the 
number     of     generations, 
and  in  heated  warehouses 
or  rooms  there  may  be  as 
many  as  10  to  12  genera- 
tions. 

ALL  CEREAL  GRAINS 
AFFECTED. 


The  Angoumois  grain 
moth  has  been  bred  from 
wheat,  barley,  oats,  buck- 
wheat, com,  sorghum, 
milo,  rice,  beans,  chick- 
peas, and  cowpeas.  It  is 
a  general  feeder  upon 
seeds  of  the  cereal  type. 
It  causes  greatest  loss  to 
wheat  and  com  in  this 
country,  though  instances 
of  serious  attack  are  re- 
corded frequently  upon 
other  grains.  Beans, 
chickpeas,  and  cowpeas 
usually  are  not  attacked, 
though  if  held  in  storage 
for  considerable  periods 
the  Angoumois  grain 
moth  has  been  known  to 
cause  much  damage,  par- 
ticularly in  seeds  already 
slightly   injured  by  han- 


FiG.  4. — Kernels  of  corn  cut  In  two  to  show  the 
damage  caused  by  the  larva  or  worm  of  the 
Angoumois  grain  moth.  The  worm  usually  enters 
the  seed  at  the  base,  destroys  the  germ,  and 
then  tunnels  toward  the  tip  of  the  kernel.  Af- 
fected kernels  nearly  always  are  ruined  for 
planting  purposes. 
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Fig.  6. — Cross  section  of  one  of  the  kernels  of  corn  in  figure  8, 
enlarged  to  show  the  cayity  made  by  the  larra  of  the  Angoa- 
mois  grain  moth,  the  silken  chamber  formed  by  the  larva, 
before  transforming  to  the  pupa.  The  large  brown  or  blackish 
*  appearing  object  is  the  pupa  from  which  the  moth  will  emerge 
and  crawl  along  the  silken  channel  in  escaping  from  the  seed. 

dling  or  by  bean  weevil  attack.    Rice  handled  under  commercial 
conditions  is  very  seldom  affected. 

LOSSES. 

It  is  difficult  to  estimate  the  amount  of  loss  caused  grain  growers, 
dealers,  and  millers  by  the  Angoumois  grain  moth.  Throughout 
the  extreme  South  it  is  rated  as  a  pest  second  only  to  the  rice  or 
"  black  "  weevil.^ 

Throughout  the  wheat  belt  of  Southeastern  Pennsylvania,  New 
Jersey,  Delaware,  and  Virginia,  it  is  the  worst  pest  of  ripening 
wheat  and  wheat  in  storage.    Many  crops  have  suffered  a  loss  of  10 

*  Calandra  oryza  L. 
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Pig.  6. — ^A    spike   of  sorghum  with   each   seed   showing   the   emergence   hole  of   the 
Angoumois  grain  moth.     The  moth  completely  ruins  so  sihall  a  seed  as  this. 

to  60  per  cent.  Millers  have  not  infrequently 
refused  to  purchase  badly  damaged  grains  be- 
cause they  contained  so  many  dead  insects  and 
insect  excrement.  Flour  made  of  badly  in- 
fested seeds  is  not  palatable.  The  actual 
weighing  of  1,000  kernels  of  sound  wheat  and 
a  like  number  of  infested  kernels  showed  a 
loss  by  weight  of  56.2  per  cent  as  a  result  of 
the  development  of  a  single  moth  in  each  of 
the  infested  kernels.     (Fig.  9.) 

Com  does  not  lose  so  great  a  percentage  of 
its  weight.  The  weights  of  an  equal  number 
of  infested  and  perfect  kernels  representing 
seven  varieties  of  soft  dent  and  flint  com 
showed  that  where  but  one  moth  had  de- 
veloped in  each  infested  kernel  the  infesta- 
tion had  caused  a  loss  in  weight  amounting  to 
13.1,  13.2,  15.5,  17.3,  19.7,  23.5,  and  24  per 
cent,  respectively.  The  loss  in  weight  varies 
with  the  ratio  between  the  size  of  the  kernel 
and  the  amount  eaten  by  the  individual  in- 
sect in  reaching  its  maturity. 


MATURING    GRAIN    AND    STORED 
GRAIN  SUBJECT  TO  ATTACK. 

The  Angoumois  grain  moth  feeds  both  in 
dried  grains  in  storage  and  in  grains  matur- 
185282**— 20 2 


Fio.  7. — A  head  of  beard- 
less barley  showing  the 
emergence  holes  of  the 
Angoumois  grain  moth. 
Remember  that  un- 
thrashed  wheat,  rye, 
oats,  or  barley  are  not 
at  all  protected  from 
the  moth. 
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Fig.  S. — Development  of  Augoumois  grain  moth  on  wheat.     Life  cycle. 
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ing  in  the  field.  In  storage  the  pest  breeds  generation  after  genera- 
tion as  long  as  the  food  supply  lasts.  This  may  be  several  years  in 
what  are  commonly  believed  to  be  "air-tight"  containers.  In  agri- 
cultural districts,  especially  where  the  pest  is  breeding  in  storage 
in  open  bins  or  mows,  the  moth  is  driven  by  instinct  to  leave  the 
warehouse,  bam,  or  crib  in  varying  nimibers  and  fly  to  the  near-by 
fields  in  search  of  maturing  grains  in  which  to  lay  eggs  for  the 
first  simimer  generation  in  the  field.  Of  course  many  remain  behind 
in  the  crib  to  multiply  continuously  throughout  the  year. 

INFESTATION  OF  CORN. 

Com  has  an  advantage  over  the  smaller  grains  in  that  most  of  the 
kernels  are  covered  during  growth  by  the  husk  covering.  It  has 
already  been  pointed  out  that  destruction  by  the  Angoumois  grain 
moth  takes  place  in  the  larval  stage.  The  parent  which  flies  from 
grain  in  storage  to  the  field  to  start  the  first  generation  in  maturing 
grain  can  not  eat  into  the  shuck  covering.  Hence  com  protected 
by  a  well-developed,  uninjured  shuck  covering  is  never  affected. 
But  where  the  shuck  is  either  loosely  developed  at  the  tip  or  damaged 
by  smut,  com  earworm,*  or  other  insects,  the  moth  can  easily  reach 
the  kernels  and  lay  her  eggs  upon  them,  thus  starting  an  infestation. 
These  relatively  few  cases  of  infestation  in  the  field  serve  as  cen- 
ters of  infestation  from  which  following  generations  of  moths  matur- 
ing in  standing  corn  or  com  shocked  in  the  field,  or  corn  that  has 
been  placed  in  the  crib,  will  spread  in  large  numbers  and  bring  about 
a  general  infestation  of  the  entire  lot  of  com  in  storage.  There  is 
practically  no  infestation  of  com  in  the  field  except  in  the  more 

southern  States.  As 
far  north  as  Mary- 
land instances  of 
field  infestation  are 
very  rare  and  there 
is  little  danger  of 
infestation  where 
com  is  stored  in 
ordinary  slatted 
cribs  until  the  com- 
ing  of  warm 
weather  of  the  fol- 
lowing summer.  But 
in  the  Gulf  Coast 
States,        especially 

Fig.     9.— Kernels    of    wheat    showing    the    Bmall     round  when     the      COm      is 

emergence   holes   that    prove   that   an    Angoumois   grain  ffrowini?       on       DOOr 

moth  has  developed  In  the  seed,  thus  reducing  Its  weight  f      ,  ,  ,        t 

somewhat  over  50  per  cent.  land,     where      shuck 


'  CMorldea  ohaoleta  Fab. 
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development  is 
poorest,  the  infes- 
tation of  maturing 
ears  may  be  very 
general  and  result 
in  heavy  losses  in 
storage. 

Figures  1  to  5 
and  10  illustrate  the 
manner  in"  which 
com  is  injured. 
The  moth  lays  her 
®ggs  usually  be- 
tween the  kernels 
on  the  cob.  On 
shelled  com  the 
eggs  may  be  laid 
anywhere.  The 
newly  hatched  larva 
usually  crawls  to 
the  gerai  end  of 
the  seed,  bores  in 
through  the  seed 
coat,  which  is  there 
more  tender,  and 
thus  finds  itself  in 
the  softest  part  of 
the  kernel.  From 
the  illustrations  it 
will  be  seen  that 
the  larva  usually 
eats  out  and  de- 
stroys the  embryo 
or  germ  of  the  seed, 
and  then  bores  its 
way  outward  into 
the  harder  part  of 
of  the  seed  (figs.  1 
and  4).  More  often 
the  emergence  hole 
is  found  on  the 
outer  portion  of  the 
kernel,  though  this  is  not  always  so.  Ordinarily,  development  occurs 
entirely  within  a  single  kernel,  yet  the  larva  may  begin  its  feed- 
ing in  one  kernel  and  finish  it  in  the  adjoining  one.    In  some  varie- 


FiG.  10. — Three  kernels  of  corn,  the  lowest  one  free  from 
attack  and  sprouting  normally.  The  larva  of  the  Angou- 
mols  grain  moth  has  completely  destroyed  the  germ  of 
the  upper  kernel  and  it  has  failed  to  sprout.  The  germ 
of  the  middle  kernel  has  been  affected  but  slightly  by  the 
developing  moth  yet  notice  how  small  its  shoot  is  as  com- 
pared with  that  of  the  normal  seed;  It  will  die  or  pro- 
duce a  sickly  plant.  Do  not  plant  seed  infested  with  the 
Angoumois  grain  moth. 
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ties  of  corn  many  larvae  form  their  emergence  holes  at  the  base  of 
the  kernel,  so  that  the  moth  in  attempting  to  escape  from  the  kernel 
finds  itself  wedged  in  by  the  surrounding  kernels  and  forced  to 
starve,  since  only  the  larva  of  the  moth  can  feed  on  grain.  Although 
many  moths  in  an  ear  may  lose  their  lives  in  this  way,  yet  enough 
emerge  normally  to  cause  heavy  infestations. 

It  is  interesting  to  record  that  while  the  young  larva  can  not  eat 
through  com  shucks  to  reach  the  kernels,  those  hatching  from  eggs 
laid  through  breaks  in  the  shuck  covering  may  be  so  numerous, 
particularly  in  storage,  that  they  spread  to  and  enter  nearly  all  the 
kernels  on  an  ear,  even  those  kernels  well  covered 
by  the  shuck.  While  the  newly  hatched  larva 
can  not  eat  through  the  shuck  to  the  kernel,  the 
mature  larva,  which  is  much  stronger,  may  bore 
its  way  out  from  the  kernel  through  the  shuck 
covering  to  the  exterior.  Instances  have  been 
found  where  the  larva  of  the  Angoumois  grain 
moth  has  eaten  through  eight  and  nine  thick- 
nesses of  shuck  covering,  though  ordinarily  es- 
cape is  not  effected  where  there  are  this  niunber 
of  thicknesses.  Infestation  of  kernels  at  the  tip 
of  an  ear  may  take  place  if  the  silk  has  been 
eaten  out,  thus  leaving  a  channel  down  which 
either  the  moth  or  the  newly  hatched  larva  can 
crawl.  While  the  infestations  that  occur  through 
eaten-out  silk  channels  and  through  breaks  in  the 
shuck  covering  are  not  in  themselves  usually  of 
importance  from  the  standpoint  of  grain  actually 
destroyed,  they  are  of  inunense  importance  as 
"  leaven  "  for  the  subsequent  infestation  of  entire 
crops  held  carelessly  in  storage.^ 


FIELD  INFESTATION  OF  WHEAT. 

It  has  been  stated  lalready  that  the  adult  of  the 
first  generation  of  the  Angoumois  grain  moth  in- 
stinctively flies  from  the  crib  or  storage  house  to 
the  near-by  fields  of  grain  as  the  crop  is  approach- 
ing maturity.    It  also  has  been  stated  that  the 


Fio.  11. — A  head  of  ma- 
turing wheat  showing 
three  adult  Angoumois 
grain  moths  that  have 
flown  from  the  crib 
to  the  field  of  ripen- 
ing grain  and  are 
seeking  to  lay  eggs 
upon  the  head. 


*If  the  Angoumois  grain  moth  were  the  only  pest  farmers  had  to  contend  with  it 
would  be  better  to  keep  corn  in.  storage  with  the  shucks  on,  as  good  shuck  cover  is  a 
great  aid  to  conservation  of  com  against  this  pest.  Unfortunately  in  sections  where 
the  moth  Is  a  serious  pest  of  com,  the  com  is  also  attacked  by  the  rice  or  "  black  "  wecTlf 
against  which  shacks  are  of  far  less  protection.  If  corn  is  shucked  at  harvest  and  fumi- 
gated at  ooce,  so  practical  experience  on  the  southern  farms  is  proving,  losses  are  either 
greatly  reduced  or  entirely  prevented  in  storage. 
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moth  can  not  infest  the  corn  if  the  shuck  covering  is  well  de- 
veloped and  uninjured.  The  planting  of  varieties  of  com  develop- 
ing a  long,  tight  shuck,  as  recommended  by  the  department,*  will 
greatly  lessen  moth  injury  in  the  field.  But  this  advantage  which 
com  has  is  not  shared  by  wheat,  barley,  and  similar  small  grains. 
The  female  moth  upon  flying  from  bin  to  field  may  lay  from  20  to 
30  eggs  upon  the  head  of  wheat  chosen  for  attack.  The  larv» 
hatching  from  these  eggs  scatter  over  the  head,  only  one  entering 
each  kernel.  The  thin  membranes  covering  the  kernel  are  no  hin- 
drance to  the  entrance  of  the  larvae.  This  starting  of  infestation  in 
the  field  may  take  place,  as  King"  has  so  recently  proved  beyond 
doubt,  even  while  wheat  is  "  in  the  milk."  Infestations  of  growing 
wheat  are  most  heavy  nearest  places  where  infested  wheat  has  been 
stored  throughout  the  winter  and  spring. 

EARLY  FIELD  INFESTATIONS  AND  DELAYED  HARVEST- 
ING INCREASE  OPPORTUNITY  FOR  DAMAGE. 

There  is  a  direct  relationship  overlooked  by  many  wheat  growers 
between  early  field  infestation,  delayed  harvesting,  and  damage 
caused  by  the  Angoumois  grain  moth.  In  southern  New  Jersey, 
Maryland,  and  southeastern  Pennsylvania  the  first  moths  appear  in 
the  wheat  fields  about  the  time  the  wheat  is  "  in  the  milk."  In  other 
words,  the  moth  may  begin  to  lay  eggs  in  the  wheat  heads  at  any 
time  after  tlie  kernels  are  well  set.  As  each  moth  may  live  five  days, 
during  which  she  flies  about  the  field  laying  eggs  in  batches  of  1  to 
20  or  more  until  she  has  laid  a  total  of  about  150  eggs,  it  will  be 
understood  that  a  field  of  grain  may  have  many  heads  infested  by 
the  early  summer  flight  of  moths  from  near-by  cribs  or  granaries. 
Ordinarily,  however,  these  first  early  summer  infestations  are  very 
slight  and  cause  no  appreciable  loss  if  the  crop  is  handled  correctly. 

SECOND  AND  THIRD  GENERATION  IN  FIELD  SPREADS  LIKE  WILD- 
FIRE. 

The  first  generation  of  moths  in  the  maturing  heads  of  wheat,  as 
just  stated,  usually  is  not  a  large  one.  But  for  each  female  moth  of 
the  first  generation  that  reached  the  field  in  late  May  and  June,  there 
may  be  150  moths  of  the  second  generation  maturing  in  middle  July 
and  August.  Ordinarily  the  moths  of  the  second  generation  begin 
to  appear  soon  after  the  grain  is  ready  to  cut,  though  a  few  may 
mature  before  the  grain  is  ripened.    The  moths  for  the  third  genera- 

B  For  further  discussion  of  long  tight  shuck,  see  U.  S.  Department  of  Agriculture 
Farmers'  Bulletin  915,  "  How  to  reduce  weevil  waste  in  southern  com,**  by  C.  H.  Kyle. 

*KiNG,  J.  L.  THE  ANGOUMOIS  GRAIN  MOTH.  Pa.  Dept  AgT.,  BuT.  Plant  Industry 
Circular  No.  1.     14  p.,  2  flgs.     1920. 
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tion  appear  during  late  August  and  during  September.  Granting 
that  the  sex^  are  evenly  divided,  for  each  female  moth  flying  to  the 
field  in  May  or  June  there  are  about  11,250  moths,  or  5,625  female 
moths  ready  to  start  the  third  generation  of  infestation  in  late  Au- 
gust and  September,  and  these  moths  are  capable  of  laying  843,750 
eggs.  As  only  one  Angoumois  grain  moth  usually  develops  in  a 
single  wheat  kernel,  for  each  infested  kernel  in  May  and  June  there 
may  be  in  late  August  and  September  843,750  infested  kernels.  And 
if  the  grain  is  stored  unthrashed  in  the  bam  where  the  moths  can 
easily  reach  the  kernels,  or  is  left  unthrashed  in  the  field  during 
warm  weather,  infestation  may  increase  to  63,281,250  kernels  in  Oc- 
tober for  each  infested  kernel  in  May  or  June. 

PROMPT  THRASHING  MEANS  SAVING. 

It  is  known  that  grain  standing  in  the  field  uncut,  grain  stacked  in 
the  field,  or  mowed  away  unthrashed  in  bams,  is  not  protected  from 
so  small  an  insect  as  the  Angoumois  grain  moth.  The  moths  are  so 
small  that  they  can  crawl  into  unthrashed  grain  and  lay  their  eggs. 
They  prefer  the  more  exposed  outer  heads  but  they  can  infest  the 
inside  heads.  It  is  also  known  that  the  Angoumois  grain  moth  while 
very  small  is  too  weak  to  force  its  way  down  into  wheat  or  any  grain 
when  it  is  stored  in  bulk  in  large  quantities.  When  stored  in  bins 
only  the  upper  one  or  two  inches  of  grain  become  infested.  Since 
the  moth  is  too  weak  to  burrow  down  into  a  mass  of  wheat,  it  is  also 
too  weak  to  push  the  kernels  aside  and  crawl  to  the  top  of  the  bin 
if  it  comes  out  of  a  kernel  more  than  two  or  three  inches  below  the 
surface  of  the  grain. 

TAKE  ADVANTAGE  OF  THE  INSECT'S  WEAKNESS. 

Farmers  can  turn  this  weakness  to  their  advantage.  If  wheat  is 
cut  as  soon  as  ripe,  thrashed  as  soon  as  dry,  and  placed  at  once  in 
storage  in  deep  bins  where  only  a  relatively  small  surface  of  wheat 
is  exposed,  the  Angoumois  grain  moth  will  not  ordinarily  cause 
trouble.  The  relatively  small  amount  of  wheat  that  is  infested  by 
the  time  wheat  is  ripe  and  can  be  thrashed  is  not  great  enough  to 
cause  heating  in  the  bins  as  a  result  of  moth  infestation.  The  moths 
that  develop  in  the  kernels  well  below  the  top  of  the  bin  die  without 
reproducing  because  they  are  too  weak  to  extricate  themselves.  The 
same  result  is  obtained  when  the  wheat  is  placed  in  closely  woven 
sacks  that  are  well  secured.  The  early  harvesting  and  proper  storing 
of  wheat  nips  in  the  hud  the  first  early  infestations  that  occur  in  the 
field^  without  cost  or  material  loss  to  the  grower. 
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DELAYED  THRASHING  RUINS  MANY  CROPS. 

The  greatest  argument  against  early  thrashing  of  wheat  is  the  dif- 
ficulty of  getting  a  thrashing  machine  just  when  it  is  needed.    Where 

a  community  de- 
pends upon*a  travel- 
ing thrashing  ma- 
chine, farmers  must 
wait  their  turn.  A 
period  of  wet 
weather  after  cut- 
ting may  prevent 
thrashing  though  it 
does  not  prevent  the 
moth  from  multi- 
plying. Wet 
weather  can  not  be 
overcome,  but  farm- 
ers can  combine 
more  effectively  in 
arranging  for  the 
prompt  thrashing  of 
their  wheat.  /The 
amount  of  wheat 
saved  by  early 
thrashing  during  oc- 
casional bad  "  fly 
weevil "  years  will 
often  pay  many 
times  over  for  the 
investment  required 
to  own  a  thrashing 
machine .  The 
farmer  can  choose 
between  prompt  harvesting^  early  thra^hing^  proper  storage^  and 
little  or  no  loss^  and  delayed  harvesting^  late  thrashing^  and  great 
loss.    It  will  pay  him  to  provide  against  loss. 


Fig.  12. — Front  view  of  a  specially  constructed  fumigating 
room  used  for  killing  insects  in  com,  wheat,  and  other 
substances.  It  is  made  of  double  thicknesses  of 
matched  boards  with  building  paper  between.  Such  a 
room  is  valuable  in  fumigating  with  carbon  disulphid 
grain  stored  in  sacks. 


REMEDIAL  MEASURES. 

The  Tnost  satisfactory  method  of  controlling  the  Angoumois  grain 
moth  attacking  almost  any  crop^  hut  especially  wheat^  is,  as  just 
stated^  prompt  harvesting  and  storing  under  conditions  unfavorable 
to  the  moth  attack,  (See  figs.  12-16.)  The  great  losses  that  are  re- 
ported throughout  wheat  areas  affected  by  the  pest  are  the  result 
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of  delayed  harvesting,  thrashing,  and  storing.  The  storing  of  wheat 
unthrasTied  in  hams  or  stacking  it  unthrashed  in  the  field  increases 
the  loss.  Prompt  harvesting^  thrashing^  and  storing  in  deep^  tight 
bins,  or  in  tight  sacks,  is  effective.  Wheat  should  never  be  left  spread 
in  thin  layers  on  bam  floors  except  when  too  wet  to  store.  Such  a 
practice  makes  it  easy  for  the  moth  to  lay  eggs  on  kernels. 

DRYNESS. 

It  is  stated  that  where  practicable  to  store  grain  under  dry  con- 
ditions, the  amount  of -damage  done  by  the  Angoumois  grain  moth 


Fio.  13. — A  slatted  corn  crib.  Such  com  cribs  are  no  protoction  from  insects  to  corn 
Rtored  in  tbem  in  the  extreme  South.  Com  stored  In  slatted  cribs  from  Maryland' 
northward  Is  safe  from  Angoumois  grain  moth  attack  at  least  until  the  summer 
foUowing  harvest,  as  the  cold  of  winter  is  usually  sufficient  to  prevent  moths  from 
snrvlYing  the  winter  in  slatted  cribs. 

will  be  reduced  greatly.     If  the  atmospheric  moisture  can  be  re- 
duced to  26  per  cent  or  below,  all  infestation  will  be  destroyed. 

FUMIGATION. 

If  grain  is  found  badly  infested  with  the  Angoumois  grain  moth 
it  should  be  fanned  and  screened.  Such  treatment  will  remove 
about  half  of  the  infested  kernels  of  wheat,  but  will  not  remove  in- 
fested kernels  of  com.  Remember  fanning  only  removes  adult 
moths,  debris,  and  light  kernels.  To  kUl  the  moth  in  the  remaining 
crop  the  seeds  must  he  fumigated  or  heated.  The  hest  tv>o  fumigants 
are  hydrocyanic-acid  gas  and  carbon  disulphid.  Hydrocyanic-acid 
gas  is  lighter  than  air,  very  deadly  to  man  as  well  as  insects,  and 
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Fio.  14. — Corn  crib  belonging  to  farmer  In  Georgia.  This  was  originally  a  slatted  crib, 
but  the  weevils  were  so  destructive  that  be  covered  It  with  building  paper  and  a  layer 
of  tongue  and  groove  boarding,  made  his  floor  tight,  and  fumigated  with  carbon 
dlsulphld.  He  no  longer  fears  weevils.  Anyone  can  make  their  cribs  tight  with  the 
aid  of  the  county  agent. 


Fio.  15. — An  old-style  barn  with  lean-to  sheds.  The  owner  could  not  store  com  or 
wheat  and  keep  it  free  irom  weevils.  At  the  advice  of  the  county  agent  he  sealed 
the  barn  on  the  inside  with  tongue  and  groove  boarding,  and  filled  the  space  between 
the  rough  outer  boards  and  sealing  with  packed  sawdust.  He  then  fumigated  with 
carbon  dlsulphid  and  killed  all  weevils.  Use  your  ingenuity  to  tighten  your  old 
crib  or  build  a  new  one,  according  to  the  advice  of  your  county  agent 
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useful  in  kiUing  the  moth- in  grain  stored  unthrashed.     It  is  not 
recommended  for  the  treatment  of  thrashed  grain  in  bulk. 

Thrashed  grain  in 
bulk  should  be  fumi- 
gated with  carbon 
disulphid.  This  gas 
is  heavier  than  air 
and  is  a  standard  gas 
reconmiended  to  kill 
moths  in  grain  stored 
in  bins,  tight  rooms, 
etc.  It  will  not  injure 
the  seed  for  planting 
if  the  seeds  are  thor- 
oughly dried  when 
fumigated.  Informa- 
tion regarding  hydro- 
cyanic-acid gas  and 
carbon  disulphid  is 
given  in  Farmers' 
Bulletins  699  and 
799,    which    may    be 

had    free    by    writing  pjQ    iq — ^  modern  galvanlzed-lron  corncrib  planned  and 

to    the     Secretary    of  erected  by  a  progressive  dairyman  of  Louisiana.     Soft 

.       .      -                  _J^     ,  white  dent  corn  has  been  kept  in  this  crib  In  perfect 

Agriculture,        Wash-  condition  for  over  a  year.     Weevils  breed  in  such  cribs 

in^ton    DC  *^  '***  ^^  *"  **°^'  ^"*  ^*'*'  ^*^*^*y  killed  by   fumigation 

^        '        '       •  with  carbon  disulphid.      (Photograph  by  Jones.) 

HEAT. 


The  average  farmer  is  not  equipped  to  use  heat  in  controlling  the 
Angoumois  grain  moth.  Millers  and  grain  dealers  who  have  dryers 
can  heat  wheat  to  120°  F.  //  grain  is  heated  to  a  temperature  of  120"^ 
F,^  all  insects  in  it  wUl  he  killed.  ^Heating  to  120°  F.  will  not  injure 
its  germinating  power. 

PARASITES. 

Parasites^  and  a  mite*  often  come  to  the  farmers'  aid  and  kill 
large  numbers  of  the  moth.  Ordinarily,  however,  they  do  not  become 
of  service  until  the  moth  has  caused  much  damage.  It  is  not  prac- 
tical at  present  to  depend  upon  parasites  to  reduce  losses  in  field  or 
storage. 


^  FteromaXus   gelechiae   Webster. 


■  Pediculoides    ventricosua   Newport. 
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COMMUNITY  EFFORT  IN  INSECT  SANITATION, 

Tfie  Angoumois  grain  moth  has  never  been  fought  vigorously  by 
farmers.  Certain  few  men  protect  their  crops  and  reap  a  saving. 
Many  farmers  wake  up  too  late  and  find  their  crops  already  badly 
affected.  Lack  of  labor  and  thrashing  machines  force  some  farmers 
to  do  the  best  they  can.  But  all  farmers  can  support  a  campaign  in 
their  own  communities  to  kUl  out  the  Angou/mois  grain  moth.  Ex- 
periments have  proved  that  the  moth  in  the  region  of  winter  wheat 
can  not  live  through  the  winter  in  the  grain  sown  in  the  fall.  Hence 
fanners  can  center  their  attack  upon  the  pest  in  the  cribs  and 
granaries.  Farther  South  the  pest  may  live  through  the  winter  in 
grain  left  in  the  field.  The  county  agents  representing  both  State 
and  Federal  departments  of  agriculture  should  interest  farmers  in 
their  cov/nties  in  campaigns  along  the  lines  of  insect  sanitaiian.  No 
pest  can  he  more  effectively  controlled  than  the  Angoumois  grain 
7noth.  Success  in  this  mode  of  attack  in  the  northern  range  of  the 
habitat  of  the  pest  depends  upon  the  thoroughness  with  which 
farmers  combine  to  treat  infested  grain  in  storage,  and  in  cleaning 
out  their  cribs  in  the  spring.  In  the  more  southern  States  success 
depends  upon  removing  the  crop  thoroughly  from  the  field  as  well 
as  attending  to  disinfection  in  the  crib  and  cleanliness  of  the  crib 
after  the  crop  has  been  removed  from  it.  Dr.  L.  O.  Howard  first 
recommended  control  of  the  Angoumois  grain  moth  through  com- 
munity effort  over  25  years  ago. 

//  county  agents  in  sections  where  the  moth  is  injurious  can  unite 
farmers  in  a  campaign  of  control  they  wHl  save  the  farmers  of  their 
counties  grain  worth  tnany  times  the  salaries  paid  them.  Intelligent 
ijisect  sanitation  pays  handsome  returns. 
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THE  ANGOUMOIS  grain  moth,  primarily  a  pest 
of  wheat  and  corn  in  this  country,  attacks  all 
cereal  grains.  It  is  particularly  injurious  through- 
out the  Southern  States.  It  does  little  harm  north 
of  central  New  Jersey  except  to  cereals  in  storage. 

It  is  second  to  the  rice  or  "black"  weevil  in  its 
capacity  to  damage  grain.  Often  entire  crops  of 
corn  and  wheat  are  ruined.  Millers  are  known  Jo 
have  refused  to  buy  badly  affected  crops,  as  flour 
made  from  damaged  wheat  is  not  fit  to  eat.  Wheat 
loses  through  moth  attack  about  52  per  cent  in 
weight.  Corn,  being  larger,  loses  from  12  to  24  per 
cent  in  weight  when  kernels  are  attacked  by  a  single 
insect  only.  As  many  as  three  or  four  moths,  how- 
ever, may  develop  in  one  corn  kernel.  The  feeding 
of  a  single  insect  will  completely  ruin  so  small  a 
grain  as  milo  or  sorghum. 

Farmers  suffer  losses  unnecessarily,  for  losses  can 
be  prevented  by  watchfulness  and  by  application  of 
measures  advocated  in  this  bulletin.  Choose  be- 
tween prompt  harvesting,  early  threshing  or  shuck- 
ing, proper  storage,  and  little  loss,  and  delayed  har- 
vesting, delayed  threshing  in  case  of  wheat,  care- 
less or  improper  storage,  and  large  losses.  Well- 
informed  farmers  are  storing  corn  and  wheat  with- 
out loss  by  giving  attention  to  cultural  methods  and 
treatment  in  storage  by  fumigation.  Where  one 
succeeds,  all  can. 

All  farmers  can  support  campaigns  to  kill  out  the 
Angoumois  grain  moth.  No  pest  can  be  controlled 
more  effectively.  If  county  agents  will  unite  farm- 
ers to  fight  this  pest  they  will  save  their  counties 
grain  worth  many  times  the  salaries  paid  them. 
Success  awaits  intelligent  action. 


WasUiiffton.  D.  C.  lamed  SeptenWr,  Itlf 
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ESTABLISHMENT  AND  SPREAD  IN  AMERICA 

THE  ANGOUMOIS  GRAIN  MOTH  is  a  European  pest  that  has 
become  destructive  to  corn,  wheat,  and  other  grains  in  this 
country  as  a  result  of  international  commerce.  It  is  called  the  An- 
goumois  grain  moth  because  as  early  as  1736  it  had  been  a  pest  in 
the  Angoumois  Province  of  France,  which  included  a  region  near 
the  west  coast  north  of  Bordeaux.  It  is  known  also  in  America  by 
the  popular  name  of  "  fly  weevil." 

In  tne  early  days  of  American  history  there  yvere  no  quarantine 
regulations  to  protect  our  agriculture  from  foreign  pests.  The 
Angoumois  grain  moth  is  one  of  those  pests  that  are  easily  carried 
in  grain  from  place  to  place.  It  was  brought  many  times  to  this 
country  in  seed  introduced  from  Europe  by  the  earlier  settlers  of 
the  various  colonies  along  the  Atlantic  seaboard.  Since  it  is  a  pest 
that  is  easily  killed  out  by  very  cold  winters,  it  is  natural  that  its 
^establishment  in  this  country  occurred  in  one  of  the  Southern  States. 
The  first  report  of  the  occurrence  of  the  Angoumois  grain  moth  in 
this  country  was  in  1728  in  North  Carolina,  where  it  was  cau^ng 
damage  to  wheat.  It  was  first  reported  in  Maryland  about  1769. 
Between  1728  and  1775  it  had  spread  northward  into  Virginia, 
ilaryland,  lower  Delaware,  and  probably  southern  New  Jersey. 
In  1852  Harris  wrote  that  wheat  in  Kentucky  and  in  the  southern 
parts  of  Ohio  and  Indiana  was  alreadj  affected.  Though  exact  rec- 
ords of  spread  are  not  available,  it  is  enough  to  know  that  from 
the  original  North  Carolina-Virginia  infestation  the  Angoumois 
grain  moth  has  spread,  chiefly  through  the  shipment  of  seeds,  south- 
ward through  all  the  Southern  States  and  northward.  The  farther 
south  it  has  spread  the  more  destructive  it  has  become,  because  it  can 
multiply  unhampered  by  long,  cold  winters.     On  the  other  hand. 


^Sitotroga  cercalella  Oliv. 
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its  spread  northward  has  been  limited  by  increasingly  cold  winter 
weather. 

While  the  moth  causes  much  injury  to  the  wheat  crops  in  the 
southern  parts  of  the  North  Central  States  and  New  Jersey,  Dela- 
ware, southeastern  Pennsylvania,  Maryland,  Virginia,  and  south- 
ward, crops  grown  still  mrther  north  are  increasingly  immune  to 
attack  in  the  field.  After  one  passes  the  fortieth  degree  of  north 
latitude  injury  from  the  Angoumois  grain  moth  decreases  rapidly. 
Because  of  the  ease  with  which  it  can  be  carried  in  seeds  the  Angou- 
mois grain  moth  is  now  and  then  reported  from  all  States,  even 
those  possessing  a  climate  far  too  cold  to  permit  it  to  become  a 
general  pest. 

DESCRIPTION 

The  Angoumois  grain  moth  passes  through  the  usual  insect 
stages — the  parent  insect  or  moth,  the  egg,  the  larva,  and  the  pupa. 


PiGUBB  1. — Life  cycle  of  the  Angoumois  grain  moth  in  corn.  The  adult  moth  is  shown 
at  o  and  g.  The  larva  is  shown  in  different  stages  of  Its  growth  at  5,  c,  d,  and  e. 
Notice  that  it  begins  feeding  at  the  soft  germ  end  of  the  seed  and  as  it  becomes  larger 
eats  out  into  the  harder  part  of  the  corn.  The  larva  transforms  to  the  papa  as 
shown  at  /.     From  the  pupa  develops  the  adult  moth  g  of  the  second  generation 

The  moth  is  shown  in  Figures  1,  8,  11,  and  on  the  title  page.  It 
varies  somewhat  in  color  from  buff  to  ^ayish  or  yellowisn  brown. 
In  size  it  varies  with  the  size  of  the  grain  in  whicn  it  matures,  but 
is  iftver  more  than  0.6  to  0.7  of  an  inch  from  tip  to  tip  of  wings  when 
these  are  spread  as  shown  in  Figure  8.  The  average  wing  spread  of 
the  moth  is  about  one-half  inch.  Whenever  moths  of  this  size,  closely 
resembling  ordinary  clothes  moths,  are  seen  flying  about  grain  it  is 
reasonably  certain  that  the  grain  is  infested  with  the  Angoumois  grain 
moth.  The  eggs  laid  by  the  moth  are  about  one-fortieth  of  an  inch 
Jong  and  are  too  small  to  be  seen  without  the  aid  of  a  magnifying 
glass.  They  are  laid  on  or  near  the  grain.  They  are  white  when 
first  deposited,  but  later  turn  a  reddish  color  before  the  larva  or 
prub  hatches.  An  ^^^  is  shown  in  Figure  8,  &.  The  larva  is  shown 
m  Figures  1  and  8,  and  on  the  title  page.  When  just  hatched,  the 
larva  is  tmy,  being  no  thicker  than  a  hair.  After  feeding  in  the  grain 
It  becomes  full  grown  and  is  then  about  one-fifth  of  an  inch  long, 
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white,  with  a  yellowish-brown  head.     The  pupa  or  chrysalis  is  reddish 
brown  and  is  shown  in  Figures  1,  5,  and  8. 

INJURY 

Injury  to  grains  by  the  Angoumois  grain  moth  is  always  done  by 
the  larvae.  Injury  is  more  difficult  to 
detect  in  the  early  stages  of  infesta- 
tion because  the  grub  or  larva  bores 
its  way  into  the  seed  when  it  is  so  small 
that  the  hole  by  which  it  enters  can  not  be 
found  without  a  close  search  with  a  mag- 
nifying glass.  Usuallv  after  it  has  eaten 
its  way  into  the  seed,  the  larva  turns  about 
and  spins  a  silken  web  over  the  opening 
by  which  it  entered,  thus  making  it  even 
more  difficult  to  locate  the  entrance  hole. 
Once  within  the  seed,  the  grub  eats  out 
the  interior  where  it  feeds  unseen  and 
often  unsuspected  by  the  owner  of  the 
grain.  Usually  the  first  indication  the 
a'/erage  grower  has  that  his  grain  is  in- 
fested is  the  simultaneous  appearance  of 
moths  and  the  round  holes  (figs.  2,  5,  7, 
8,  and  9)  that  appear  in  the  individual  ker- 
nels, or  sometimes  by  the  heating  of  the 
grain  in  the  bin.  Then  he  finds  upon  cut- 
ting open  the  seeds  in  which  the  holes 
have  appeared  that  they  have  been  hol- 
lowed out  by  the  larva  (ngs.  1,  4,  5,  and  8) 
and  that  nis  grain  has  not  only  lost 
heavily  in  weight  but  that  it  contains  much 
excrement  and  webbing  left  behind  by 
the  insect.  The  larva  has  jaws  called 
mandibles,  and  it  uses  them  almost  con- 
tinuously, first  to  gnaw  its  way  into  the 
seed  and  then  to  eat  out  the  contents  of  the 
seeds  to  secure  nourishment  for  its  growth 
and  to  make  the  circular  opening 
through  which  the  moth  itself  emerges 
from  the  seed.  The  circular  opening  is 
not  cut  until  the  larva  has  become  full 
grown.  It  then  eats  out  a  channel  to 
the  outside  of  the  seed,  leaving  the  merest 
film  of  the  seed  coat  intact.  The  moth 
is  strong  enough  to  push  oflf  this  "  cap  " 
when  it  leaves  the  seed.  The  opening  is 
often  called  the  emergence  hole. 

FACTS  REGARDING  LIFE  HISTORY 

Under  ordinary  climatic  conditions  in  those  parts  of  the  United 
States  where  the  Angoumois  grain  moth  is  a  pest,  temperature  seems 
the  most  important  controlling  factor  in  development.  All  the  in- 
sects are  killed  if  the  infested  grain  is  subjected  to  120°  F.  for  several 
hours.  Exposure  to  1°  for  24  hours  has  prevented  eggs  from  hatch- 
Digitized  by  vj^^^^vi'l 


Figure  2. — An  ear  of  corn 
BhowiDc;  the  <>mergence  boles 
of  the  Angoumois  gi*aln  motb. 
When  these  holes  begin  to 
appear  in  your  corn  and 
small  clotbes-motblike  mill- 
ers are  found  flying  when 
the  corn  is  disturbed,  you 
may  be  certain  that  the  An- 
goumois grain  moth  is  al- 
ready damaging  your  com 
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in^.     Ordinary  winter  storage  below  60°  will  hold  the  moth  in  a 
quiescent  or  dormant  state,  provided  the  grain  is  not  so  badly  in- 
fested that  it  is  heating.    Development  goes  on  slowly  between  60° 
and  TO*'  and  very  rapidly  between  70°  and  95°.    This  explains  how 
the  Angoumois  grain  moth  can  breed  generation  after  generation  in 
warehouses  or  rooms  kept  at  a  moderately  high  temperature  in  a  cold 
climate  where  the  outdoor  temperatures  are  too  low  for  the  moth. 
During  the  summer  and  earlv  fall  the  moths  mate  as  soon  as  they 
crawl  from  the  seeds  in  which  they  have  developed.    The  female 
may  start  laying  her  eggs  in  less  than  24  hours  after  emergence. 
Recent  studies  indicate  that  the  moths  are  more  prolific  than  was 
once  believed.^    Moths  may  lay  as  many  as  300  eggs   (283  eggs  is 
the  largest  number  actually  laid  by  any  one  female  under  observa- 
tion)   although   150 
is    probably   a    fair 
average.     The  eggs 
are  deposited  singly 
or  in  batches  on  or 
near  the  grain.    One 
female    that    began 
laying  in  late  Au^ist 
deposited   204  eggs, 
as  follows:   110,  33, 
24,    16,   11,   and   10 
eggs,  respectively,  on 
the    first,    second, 
third,   fourth,  fifth, 
and  sixth  days.    An- 
other female,  which 
emerged  earlj  in  Oc- 
tober, deposited  263 
eggs  during  the  20 
days     after     emer- 
gence.   Naturally 
there  exists  consider^ 
able  variation  in  the 

FiGDRE  3. — An  ear  of  corn  badly  damaged  by  the  Angoumois  t>€r€f.]a\riT\€r  pnna/«itv 
m-aln  moth,  broken  in  two  to  show  how  perfect  the  ^f&  Aayiuj,  /-^P"*-**-/* 
kernels  may  appear  when  viewed  from  the  side  Usually  mated  adultS 

live  about  two  weeks^ 
but  they  may  live  as  long  as  38  days.  As  the  males  seem  to  emerge 
more  quickly  than  the  females,  and  as  the  sexes  are  about  equally 
divided,  the  opportunity  for  mating  and  the  production  of  fertile 
eggs  is  excellent.  Though  female  moths  may  develop  and  lay  eggd 
when  they  have  nothing  upon  which  to  feed,  access  to  water  in  the 
form  of  dew  on  growing  wheat  and  corn  appears  to  increase  theil 
egg-laying  capacity. 

During  summer  weather  the  eggs  hatch  when  from  4  to  10  days  old; 
Eggs  may  not  hatch  in  colder  weather  for  three  or  four  weeks.  In 
new-crop  wheat  the  insects  may  require  only  28  days  from  the  hatchi 
ing  of  the  egg  to  the  emergence  oi  the  moth  from  the  kernel.  Thi:^ 
makes  possible  a  minimum  life  cycle  of  a  little  less  than  five  weeksi 

•Simmons,  P.,  and  Ellington.  G.  W.  biology  op  titb  angoumois  grain  moth.  f«oq 
a£S8  REPOKT.     Jour.  Econ.  Ent.,  Vol.  17,  pp.  41-45,  1924. 
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But  there  maj  be  a  variation  as  wide  as  four  weeks  in  the  time  it 

requires  specimens  of  the  same  brood  to  mature  even  in  warm 

weather.      Individuals 

hatching  late  in  the  season 

overwinter    as    larvae    in 

the    seeds.      During    the 

cold   winter    months    the 

larvae    lie    dormant    for 

four  or  five  months,  hence 

the  life  cycle  may  be  fully 

six  months  long  when  a 

winter  intervenes  between 

the  laying  of  the  eggs  and 

the     emergence     of     the 

adults. 

In  the  southern  wheat 
belt  of  New  Jersey  there 
may  be  five  generations 
of  moths  in  a  year  under 
prevailing  cultural  condi- 
tions when  wheat  is  left  in 
the  field  until  late  in  the 
season.  The  farther  south 
one  goes  the  greater  is 
the  number  of  genera- 
tions, and  in  heated 
warehouses  or  rooms  there 
may  be  as  many  as  10  or 
12  generations  per  year. 

ALL      CEREAL      GRAINS 
AFFECTED 

The  Angoumois  grain 
moth  has  &en  bred  from 
wheat,  barley,  oats,  buck- 
wheat, com,  sorghum, 
milo,  rice,  beans,  chick- 
peas, and  cowpeas.  It  is  a 
general  feeder  upon  seeds 
of  the  cereal  type.  It 
causes  greatest  loss  to 
wheat  and  corn  in  this 
country,  though  instances 
of  senous  attack  are  re- 
corded frequently  upon 
other  grains.  Beans, 
chickpeas,  and  cowpeas 
usually  are  not  attacKed, 
though  if  held  in  storage 
for  considerable  periods 
the  Angoumois  gram  moth  has  been  known  to  cause  much  damage, 
particularly  in  seeds  already  slightly  injured  by  handling  or  by  bean- 
weevil  attack.  Rice  handled  under  commercial  conditions  is 
seldom  affected. 


FiGUBE  4. — Kernels  of  corn  cut  in  two  to  show  the 
damage  caused  by  the  larva  or  worm  of  the 
Angoumois  grain  moth.  The  worm  usually  enters 
the  seed  at  rhe  base,  destroys  the  germ,  and  then 
tunnels  toward  the  tip  of  the  kernel.  Affected 
kernels  nearly  always  are  ruined  for  planting 
purposes 
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LOSSES 


It  is  difficult  to  estimate  the  amount  of  loss  caused  grain  ffrowers, 
dealers,  and  millers  by  the  Angoumois  grain  moth.  Tnrougnout  the 
extreme  South  .it  is  rated  as  a  pest  second  only  to  the  rice  or  "  black  " 
weevil.* 

Throughout  the  wheat  belt  of  southeastern  Pennsylvania,  New 
Jersey,  Delaware,  and  Virginia,  it  is  the  worst  pest  of  ripening 

wheat  and  wheat 
in  storage.  Many 
crops  have  suf- 
fered a  loss  of  10 
to  60  per  cent. 
Millers  have  not 
infrequently  re- 
fused to  purchase 
badly  damaged 
grains  because 
they  contained  so 
many  dead  insects 
and  insect  excre- 
ment. Flour 
made  of  badly 
infested  seeds  is 
not  palatable. 
The  actual  weigh- 
ing of  1,000  ker- 
nel of  sound 
wheat  and  a  like 
number  of  in- 
fested kernels 
showed  a  loss  by 
weight  of  66.2 
per  cent  as  a  re- 
sult of  the  devel- 
opment of  a  sin- 
gle moth  in  each 
of  the  infested 
kernels.  (Fig.  9.) 
Corn  does  not 
lose  so  great  a 
percentage  of  its 
weight.  The 
weights  of  an 
equal  number  of 

infested  and  perfect  kernels  representing  seven  varieties  of  soft, 
dent,  and  flint  corn  showed  that  where  but  one  moth  had  developed 
in  each  infested  kernel  the  infestation  had  caused  a  loss  in  weight 
amounting  to  13.1,  13.2,  15.5,  17.3,  19.7,  23.5,  and  24  per  cent,  re- 
spectively. The  loss  in  weight  varies  with  the  ratio  between  the 
size  of  the  kernel  and  the  amount  eaten  by  the  individual  insect  in 
reaching  its  maturity. 


FioUKB  5. — Cross  section  of  one  of  the  kernels  of  corn  in  Fig- 
ure 3,  enlarged  to  show  the  cavity  made  by  the  larva  of  the 
Angoumois  grain  moth,  the  silken  chamber  formed  by  the 
larva,  before  transforming  to  the  pupa.  The  large  brown  or 
blackish  appearing  object  is  the  pupa  from  which  the  moth 
will  emerge  and  crawl  along  the  silken  channel  in  escaping 
from  the  seed 
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MATURING  GRAIN  AND  STORED  GRAIN  SUBJECT  TO  ATTACK 

The  Angoumois  grain  moth  feeds  both  in  dried  grain  in  storage 
and  in  grains  maturing  in  the  field.  In  storage  the  pest  breeds 
generation  after  generation  as  long  as  the  food  supply  lasts.  This 
may  be  several  years  in  what  are  commonly  believed  to  be  "  air- 
tight" containers.  In  agricultural  districts,  especially  where  the 
pest  is  breeding  in  storage  in  open  bins  or  mows,  the  moth  is  driven 
by  instinct  to  leave  the  warehouse,  barn,  or  crib  in  varying  numbers 
and  fly  to  the  near-by  fields  in  search  of  maturing  grains  in  which 
to  lay  eggs  for  the  first  summer  generation  in  the  field.  Of  course, 
many  remain  behind  in  the  crib  to  multiply  continuously  throughout 
the  year. 

INFESTATION  OP  CORN 

Com  has  an  advantage  over  the  smaller  grains  in  that  most  of  the 
kernels  are  covered  during  growth  by  the  husk  covering.    It  has 


FitiCBB  6. — A  spike  of  surgbum  with  each  seed  sliowing  the  emergence  hole  of  the 
Angoumois  grain  moth.     The  moth  completely  ruins  so  small  a  seed  as  this 

already  been  pointed  out  that  destruction  by  the  Angoumois  grain 
moth  takes  place  in  the  larval  stage.  The  parent  which  flies  from 
grain  in  storage  to  the  field  to  start  the  first  generation  in  maturing 
CTain  can  not  eat  into  the  shuck  covering.  Hence  corn  protected 
by  a  well-developed,  uninjured  shuck  covermg  is  never  affected.  But 
where  the  shuck  is  either  loosely  developed  at  the  tip  or  damaged  by 
smut,  com  ear  worm,*  or  other  insects,  the  moth  can  easily  reach  the 
kernels  and  lay  her  eggs  upon  them,  thus  starting  an  infestation. 

These  relatively  few  cases  of  infestation  in  the  field  serve  as  cen- 
ters of  infestation  from  which  following  generations  of  moths  matur- 
ing in  standing  corn  or  corn  shocked  in  the  field,  or  corn  that  has 
been  placed  in  the  crib,  will  spread  in  large  numbers  and  bring  about 
a  general  infestation  of  the  entire  lot  of  corn  in  storage.  There  is 
practically  no  infestation  of  corn  in  the  field  except  in  the  more 
southern  States.  As  far  north  as  Maryland  instances  of  field  infesta- 
tion are  very  rare,  and  there  is  little  danger  of  infestation  where 

*  HeUothia  ohsoleta  Fab. 
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com  is  stored  in  ordinary  slatted  cribs  until  the  coining  of  warm 
T^eather  of  the  following  summer.  But  in  the  Gulf  Coast  States, 
especially  when  the  corn  is  growing  on  poor  land,  where  shuck  devel- 
opment is  poorest,  the  infestation  of  maturing  ears  may  be  very 
general  and  result  in  heavy  losses  in  storage. 

Figures  1  to  5  and  10  illustrate  the  manner  in  which  com  is  injured. 
The  moth  lays  her  eggs  usually  between  the  kernels  on  the  cob.  On 
shelled  corn  the  eggs  may  be  laid  anywhere.  The  newly  hatched 
larva  usually  crawls  to  the  germ  end  of  the  seed,  bores  in  through 
the  seed  coat,  which  is  there  more  tender,  and  thus  finds  itself  in  the 
softest  part  of  the  kernel.  From  the  illus- 
trations it  will  be  seen  that  the  larva  usually 
eats  out  and  destroys  the  embryo  or  germ,  and 
then  bores  its  way  outward  into  the  harder 
part  of  the  seed.  (Figs.  1  and  4.)  More  often 
the  emergence  hole  is  found  on  the  outer  por- 
tion of  the  kernel,  though  this  is  not  always 
so.  Ordinarily  development  occurs  entirely 
within  a  single  kernel,  yet  the  larva  may  begin 
its  feeding  in  one  kernel  and  finish  it  in  the 
adjoining  one.  In  some  varieties  of  corn 
many  larvae  form  their  emergence  holes  at  the 
base  of  the  kernel,  so  that  the  moth  in  attempt- 
ing to  escape  from  the  kernel  finds  itself 
wedged  in  by  the  surrounding  kernels  and 
forced  to  starve,  since  only  the  larva  of  the 
moth  can  feed  on  grain.  Although  many 
moths  in  an  ear  may  lose  their  lives  in  this 
way,  yet  enough  emerge  normally  to  cause 
heavy  infestations. 

While  the  young  larva  can  not  eat  through 
corn  shucks  to  reach  the  kernels,  those  hateh- 
ing  from   eggs   laid   through   breaks   in  the 
shuck  covering  may  be  so  numerous,  particu- 
larly in  storage,  that  they  spread  to  and  enter 
nearly  all  the  kernels  on  an  ear,  even  those 
kernels  well  covered  by  the  shuck.    Although 
the  newly  hatehed  larva  can  not  eat  through 
the   shuck   to   the  kernel,   the   mature   larva, 
which  is  much  stronger,  may  bore  its  way  out 
from  the  kernel  through  the  shuck  covering  to 
the  exterior.    Instances  have  been  found  where 
the    larva    of    the    Angoumois    grain    moth 
has  eaten  through  eight  and  nine  thicknesses 
of  shuck  covering,  though  ordinarily  escape  is  not  effected  where 
there  are  this  number  of  thicknesses.    Infestation  of  kernels  at  the 
tip  of  an  ear  may  take  place  if  the  silk  has  been  eaten  out,  thus 
leaving  a  channel  down  which  either  the  moth  or  the  newly  hatehed 
larva  can  crawl.    While  the  infestations  that  occur  through  eaten- 
out  silk  channels  and  through  breaks  in  the  shuck  covering  are  not 
in  themselves  usually  of  importance  from  the  standpoint  of  grain 
actually  destroyed,  they  are  of  immense  importance  as  *' leaven" 


FiGiTRB  7. — A  head  of 
iDeardless  barley  show- 
ing the  emergence 
holes  of  the  Angou- 
mois grain  moth.  Ee- 
member  that  un- 
threshed  wheat,  rye, 
oats,  or  barley  are  not 
at  all  protected  from 
the  moth 
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FiGUBS  8. — Development  of  Augoumois  grain  moth  on  wheat.     Life  cycle 
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for  the   subsequent   infestation  of  entire  crops  held  carelessly  in 
storage.* 

FIELD  INFESTATION  OF  WHEAT 


It  has  been  stated  already  that  the  adult  of  the  ficst  ^neration  of 
the  Angoumois  grain  moth  instinctively  flies  from  the  crib  or  storage 
house  to  the  near-by  fields  of  grain  as  the  crop  is  approaching  ma- 
turity. It  also  has  been  stated  that  the  moth  can  not  infest  the  com 
if  the  shuck  covering  is  well  developed  and  uninjured.  The  planting 
of  varieties  of  com  developing  a  long,  tight  shuck,  as  recommended 
by  the  department,®  will  greatly  lessen  moth  injury  in  the  field.  But 
tnis  advantage  which  com  has  is  not  shared  Dy  wheat,  barley,  and 

similar  small  grains.  The 
female  moth  upon  flying  from 
bin  to  field  may  lay  from  20  to 
30  eggs  upon  the  head  of  wheat 
chosen  for  attack.  The  larvae 
hatching  from  these  eggs  scat- 
ter over  the  head,  only  one  en- 
tering each  kernel.  ^The  thin 
membranes  covering  the  kernel 
are  no  hindrance  to  the  entrance 
of  the  larvae.  This  starting 
of  infestation  in  the  field  may 
take  place,  as  King  ^  has  provei 
beyond  doubt,  even  while 
wheat  is  "in  the  milk."  In- 
festations of  growing  wheat 
are  most  heavy  nearest  places 
where  infested  wheat  has  been 
stored  throughout  the  winter 
and  spring. 

EARLY  FIELD  INFESTATIONS 
AND  DELAYED  HARVESTING 
INCREASE  OPPORTUNITY  FOR 
DAMAGE 


%  ^  # 

0     \f 

%^      • 

.Sfe^^^ 

FiouRB  9. — Kernels  of  wheat  showing  the 
small  round  emergence  holes  that  prove 
that  an  Angoumois  grain  moth  has  de- 
veloped in  the  seed,  thus  reducing  its 
weight  somewhat  over  50  per  cent 


There  is  a  direct  relationship 
overlooked  by  many  wheat 
growers  between  early  field  infestation,  delayed  harvesting,  and  dam- 
age caused  by  the  Angoumois  grain  moth.  In  southern  New  Jersey, 
Maryland,  and  southea3tern  Pennsylvania  the  first  moths  appear  m 
the  wheat  fields  about  the  time  the  wheat  is  "  in  the  milk."  In  other 
words,  the  moth  may  begin  to  lay  eggs  in  the  wheat  heads  at  any 

^If  the  Angoumois  grain  moth  were  the  only  pest  farmers  had  to  contend  with,  it 
would  he  better  to  keen  com  in  storage  with  the  shucks  on,  as  good  shuck  cover  is  a 
great  aid  to  conservation  of  com  against  this  pest.  Unfortunately  in  sections  where 
the  moth,  is  a  serious  pest  of  com,  the  com  is  also  attacked  by  the  rice  or  *•  black  '*  weevil, 
against  which  shucks  are  of  far  less  protection.  If  corn  is  shucked  at  harvest  and  fumi- 
gated at  once,  so  practical  experience  on  the  southern  farms  is  proving,  losses  due  to 
any  insect  are  greatly  reduced  or  entirely  prevented  during  the  time  of  storage. 

•For  further  discussion  of  long  tight  shuck,  see  Ktlb,  C.  H.  how  to  beoccb  wssvm 
WASTB  IN  80UTHBBN  CORN,  U.  S.  Dept.  AgT.  Farmers*  BuL  915,  8  p.,  illus.     1918. 

'Kino,  J.  L.  the  angoumois  grain  moth.  Pa.  Dept.  Agr.,  Bur.  Plant  Industry  Cir- 
cular No.  !•  14  p.,  2  flgs.    1920. 
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time  after  the  kernels  are  well  set.®  As  each  moth  may  live  from 
10  to  38  days,  during  which  she  flies  about  the  field  laying  eggs  in 
batches  of  1  to  20  or  more  until  she  has  laid  about  150  eggs,  it  will  be 
understood  that  a 
field  of  grain  may 
have  many  heads 
infested  by  the 
early  summer  flight 
of  moths  from 
near-by  cribs  or 
granaries.  Ordi- 
narily these  first 
early  summer  in- 
festations are  very 
slight  and  cause  no 
appreciable  loss  if 
the  crop  is  handled 
correctly. 

Field  infestation 
at  the  time  wheat 
is  ready  for  harvest 
has  been  observed 
to  amount  to  from 
0.26  to  2.06  per 
cent  of  the  kernels. 
This  is  eijual  to 
a  population  of 
28,500  to  225,000 
moths  per  acre. 

SECOND  AND  THIRD 
GBN  £  RATIONS 
Df  FIELD  SPREAD 
LIES  WILDFIRE 

The  first  genera- 
tion of  moths  in 
the  maturing  heads 
of  wheat,  as  just 
stated,  usually  is 
not  a  large  one. 
But  for  each  fe- 
male moth  of  the 
first  generation  that 
reached  the  field  in 
late  May  and  June 
there  may  be  150 
moths  of  the  sec- 
ond generation  ma- 
turing in  middle 
July  and  August. 
Ordinarily  the 


FIOUBB  10. — Three  kernela  of  corn,  the  lowest  one  free  from 
attack  and  sprouting  normally.  The  larva  of  the  Angou- 
mois  grain  moth  has  completely  destroyed  the  germ  of  the 
upper  kernel  and  it  has  failed  to  sprout.  The  germ  of  the 
middle  kernel  has  been  affected  only  slightly  by  the  de- 
veloping moth,  yet  notice  how  small  its  shoot  is  as  com- 
pared with  that  of  the  normal  seed ;  it  will  die  or  produce 
a  sickly  plant.  Do  nut  plant  seed  infested  with  the  An- 
goumois  grain  moth 


"Simmons.  P.,  and  Ellington,  O.  W.     dispersion  op  the  anoocmois  grain  moth  to 
WH«AT  FiBLDS.    JooT.  Agr.  Research,  Vol.  34,  pp.  450-471.     1927. 
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moths  of  the  second  generation  begin  to  appear  soon  after  the  grain 
is  ready  to  cut,  though  a  few  may  mature  before  the  grain  is  ripened. 
The  moths  for  the  tnird  generation  appear  during  late  August  and 
during  September.  Granting  that  the  sexes  are  evenly  divided,  and 
each  Female  will  lay  on  an  average  150  ^gs,  for  each  female  moth 
flying  to  the  field  in  IMfey  or  June  there  are  about 
11,250  moths,  or  5,625  female  moths  ready  to  start 
the  third  generation  of  infestation  in  late  August 
and  September,  and  these  moths  are  capable  of 
laying  843,750  eggs.  As  only  one  Angoumois 
grain  moth  usually  develops  m  a  single  wheat 
kernel,  for  each  infested  kernel  in  May  and  June 
there  may  be  in  late  August  and  September  843,- 
750  infested  kernels.  And  if  the  grain  is  stored 
unthreshed  in  the  barn  where  the  moths  can  easily 
reach  the  kernels,  or  is  left  unthreshed  in  the  field 
during  warm  weather,  infestation  may  increase 
to  63,281,250  kernels  in  October  for  each  infested 
kernel  in  May  or  June,  provided  all  eggs  hatch, 
all  larvae  reach  maturity,  and  all  females  lay  an 
average  of  150  eggs.  If  this  infestation  which 
occurs  before  threshing  could  be  eliminated  this 
severe  and  widespread  damage  now  often  caused 
by  the  moth  would  be  a  thing  of  the  past. 

PROMPT  THRESHING  MEANS  SAVING 

It  is  known  that  grain  standing  in  the  field  un- 
cut, grain  stacked  in  the  field,  or  mowed  away 
unthreshed  in  barns,  is  not  protected  from  so 
small  an  insect  as  tne  Angoumois  grain  moth. 
The  moths  are  so  small  that  they  can  crawl  into 
unthreshed  grain  and  lay  their  eggs.  They  pre- 
fer the  more  exposed  outer  heads  but  they  can 
infest  the  inside  heads.  It  is  also  known  that  the 
Angoumois  grain  moth  while  very  small  is  too 
weak  to  force  its  way  down  into  wheat  or  any 
grain  when  it  is  stored  in  bullc  or  large  quantities. 
When  stored  in  bins  only  the  upper  1  or  2  inches 
of  grain  become  infested.  Since  the  moth  is  too  weak  to  burrow 
down  into  a  mass  of  wheat,  it  is  also  too  weak  to  push  the  kernels 
aside  and  crawl  to  the  top  of  the  bin  if  it  comes  out  of  a  kernel  more 
than  2  or  3  inches  below  the  surface  of  the  grain. 

TAKE  ADVANTAGE  OF  THE  INSECT'S  WEAKNESS 

Farmers  can  turn  this  weakness  to  their  advantage.  If  wheat  is 
cut  as  soon  as  ripe,  threshed  as  soon  as  dry,  and  placed  at  once  in 
storage  in  deep  bins  where  only  a  relatively  small  surface  of  wheat 
is  exposed,  the  Angoumois  grain  moth  will  not  ordinarily  cause 
trouble.  The  relatively  small  quantity  of  wheat  that  is  infested  by 
the  time  it  is  ripe  and  can  be  threshed  is  not  ^reat  enough  to  cause 
heating  in  the  bins  as  a  result  of  moth  infestation.  The  moths  that 
develop  in  the  kernels  well  below  the  top  of  the  bin  die  without  repro- 
ducing because  they  are  too  weak  to  extricate  themselves.    The  same 


Figure  11. — A  head 
of  maturing  wheat 
showing  three 
adult  Angoumois 
grain  moths  that 
nave  flown  from  the 
crib  to  the  field  of 
ripening  grain  and 
are  seeking  to  Iny 
eggs  upon  the  head 


Digiti 


zed  by  Google 


ANGOUMOIS  GRAIN   MOTH 


13 


result  is  obtained  when  the  wheat  is  placed  in  closely  woven  sacks  that 
are  well  closed.  The  early  harvesting  and  proper  storing  of  wheat 
nips  in  the  bud  the  first  early  infestations  that  occur  in  the  field, 
without  cost  or  material  loss  to  the  grower. 

DELAYED  THRESHING  RUINS  MANY  CROPS 


The  greatest  argument  against  early  threshing  of  wheat  is  the  dif 
ficultv  of  getting  a 
threshing  machine 
just  when  it  is 
needed.  Where  a 
community  depends 
upon  a  traveling 
threshing  machine, 
farmers  must  wait 
their  turn.  A  period 
of  wet  weather  after 
cutting  may  prevent 
threshing,  though  it 
does  not  prevent  the 
moth  from  multi- 
plying. Wet  weather 
can  not  be  overcome, 
but  farmers  can  com- 
bine more  effectively 
in  arranging  for  the 
prompt  threshing  of 
their  wheat.  The 
amount  of  wheat 
saved  by  early 
tlureshing  during  oc- 
casional bad  "  fly 
weevil "  years  will 
often  pay  many 
times  over  for  the 
investment  required 
to  own  a  threshing 
machine.  The 
farmer  can  choose 
between  prompt  har- 
yesting,early  thresh- 
ing, proper  storage,  and  little  or  no  loss,  and  delayed  harvesting,  late 
threshing,  and  great  loss.    It  will  pay  him  to  provide  against  loss. 

REMEDIAL  MEASURES 

The  most  satisfactory  method  of  controlling  the  Angoumois  grain 
moth  attacking  almost  any  crop,  but  especially  wheat,  is.  as  just 
stated,  prompt  harvesting  and  storing  under  conditions  uniavorable 
to  the  moth  attack.  (Figs.  12  to  16.)  The  great  losses  that  arc 
reported  throughout  wheat  areas  affected  by  the  pest  are  the  result 
of  delayed  harvesting,  threshing,  and  storing.  The  storing  of  wheat 
unthreshed  in  bams  or  stacking  it  unthreshed  in  the  field  increases 


FiGiKE  12. — Front  view  of  a  specially  constructed  fumi- 
gating room  used  for  killing  insects  in  corn,  wheat,  and 
other  substances.  It  is  made  of  double  thiclcnesses  of 
matched  boards  with  building  paper  between.  Such  a 
room  is  valuable  for  fumigating  sacked  grain  with  car- 
boa  dlsulphide  or  other  effective  fumigant 
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the  loss.  Prompt  harvesting,  threshing,  and  storing  in  deep,  tight 
bins,  or  in  tight  sacks,  is  effective.  Wheat  should  never  be  left  spread 
in  thin  layers  on  barn  floors  except  when  too  wet  to  store.  Such  a 
practice  makes  it  easy  for  the  moth  to  lay  eggs  on  kernels. 

DRYNESS 

It  is  stated  that  where  practicable  to  store  grain  under  dry  con- 
ditions, the  amount  of  damage  done  by  the  Angoumois  grain  moth 
will  be  reduced  greatly.  If  the  moisture  of  the  grain  can  be  reduced 
to  13  per  cent  or  below,  infestation  will  make  little  or  no  headway. 

FUMIGATION 

If  grain  is  found  badly  infested  with  the  Angoumois  grain  moth, 
it  should  be  fanned  and  screened.     Such  treatment  will  remove  about 


Figure  13. — A  slatted  corncrlb.  Such  corncribs  are  no  protection  from  insects  to 
corn  stored  in  them  in  the  extreme  South.  Corn  stored  in  slatted  cribs  from  Mary- 
land northward  is  safe  from  Anieoumois  grain  moth  attack  at  least  until  the  summer 
following  harvest,  as  the  cold  of  winter  Is  usually  sufficient  to  prevent  moths  from 
surviving  the  winter  in  slatted  cribs 

half  of  the  infested  kernels  of  wheat,  but  will  not  remove  infested 
kernels  of  corn.  Remember  fanning  only  removes  adult  moths, 
debris,  and  light  kernels.  To  kill  the  moth  in  the  remaining  crop 
the  seeds  must  be  fumigated  or  heated.  The  best  fumigants  are 
hydrocyanic-acid  gas,  carbon  disulphide,  and  the  ethylene  dichloride- 
carbon  tetrachloride  mixture.  Hydrocyanic-acid  gas  is  lighter  than 
air,  very  deadly  to  man  as  well  as  insects,  and  is  used  in  killing  the 
moths  in  grain  stored  imthreshed.  It  is  not  recommended  for  the 
treatment  of  threshed  grain  in  bulk  unless  the  fumigation  is  effected 
through  the  addition  of  calcium  cj-anide  to  the  stream  of  wheat  as  the 
grain  enters  the  bin.  This  fumigation  of  bulk  grain  with  calcium 
cvanide  is  conducted  only  at  elevators  where  special  equipment  for 
the  application  is  available.  Farmers  with  ordinary  bins  should  not 
attempt  to  use  calcium  cyanide  until  this  method  of  control  has  been 
developed  further,  because  of  certain  risks  connected  with  its  use. 
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PicuRB  14. — Corncrlb  belonging  to  fanner  in  Georgia.  This  was  originally  a  slatted 
crib,  but  the  weevils  were  so  destructive  that  he  covered  it  with  building  paper  and  a 
layer  of  tongue-and-groove  boarding,  made  his  floor  tight,  and  fumigated  with  carbon 
disolpbide.  He  do  longer  fears  weevils.  Anyone  can  malie  his  crib  tight  by  following 
the  advice  of  the  county  agent 


PiGUBS  15. — An  old-stvle  barn  with  lean-to  sheds.  The  owner  could  not  store  corn  or 
wheat  and  Iceep  it  free  from  weevils.  At  the  advice  of  the  county  agent  he  sealed 
the  bam  on  the  inside  with  tongue-ond-groove  boarding,  and  filled  the  space  between 
the  rougrb  outer  boards  and  sealing  with  packed  sawdust.  He  then  fumigated  with 
carbon  disulphlde  and  liilled  all  weevils.  Use  your  ingenuity  to  tighten  your  old 
crib  or  build  a  new  one,  according  to  the  advice  of  your  county  agent 
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Threshed  grain  in  bulk  should  be  fumigated  with  carbon  disulphide 
or  the  ethylene  dichloride-carbon  tetrachloride  mixture.  These  gases, 
which  are  heavier  than  air,  are  used  for  the  destruction  of  moths  in 
grain  stored  in  bins  and  tight  rooms.  They  will  not  injure  the  seed 
for  planting  if  the  seeds  are  thoroughly  dried  at  the  time  they  are 
fumigated. 

At  present  carbon  disulphide  is  a  standard  fumigant  for  farm  use, 
and  is  safely  and  successiully  used  by  thousands  of  farmers.  Pre- 
cautions, however,  are  necessary  in  its  use.  Keep  all  lighted  cigars^ 
matchesj  IcmtemSj  or  fire  in  any  farm  avxmj^  fronu  the  bins  or  buOd- 
ings  during  the  fwmgation^  as  trie  gas  is  explosive  and  infiammable 

in    the    presence  of 
the    smallest    spark 
Fumigations  are  not 
very  effective  at  tem- 
peratures lower  than 
60^  F.  Carbon  disul- 
phide should  be  used 
at  the  rate  of  from  4 
to  10  pounds  for  each 
1,000  cubic  feet  of  bin 
space    to    be    fumi- 
gated,   according  to 
the  tightness  of  the 
bin.       It     pays     to 
make   the   bin   tight 
and  save  on  the  cost 
of      the      fumigant 
Carbon       disulphide 
may   be   poured   di- 
rectly upon  the  seeds, 
or  better  still   upon 
gunny  sacks   spread 
over  the  top  of  the 
grain.      Never    pour 
the  fumigant  on  the 
seeds    at    one     spot 
only.       The     liquid 
will   not   injure    the 
seeds  for  feeding  or 
milling  if  used  as  di- 
rected, but  if  poured  in  one  spot  the  seeds  there  may  become  so  wet 
that  their  milling  properties  may  be  affected.     The  liquid  quickly 
evaporates  at  temperatures  over  60°  F.,  forming  a  gas  that  sinks  into 
the  grain  and  kills  the  insects. 

Information  regarding  the  fumigating  of  grain  is  given  more  in 
detail  in  Farmers'  Bulletins  Nos.  799  and  1483,  which  may  be  had 
free  by  writing  to  the  Department  of  Agriculture,  Washington,  D.  C. 

HEAT 

The  average  farmer  is  not  equipped  to  use  heat  in  controlling  thi 
Angoumois  grain  moth.    Millers  and  grain  dealers  who  have  dryetsi 


FiGURB  16. — A  modern  galvanlzed-Iron  corncrib  planned  and 
erected  by  a  proRTosslve  dairyman  of  Louisiana.  Soft 
white  dent  corn  has  been  kept  in  this  crib  in  perfect  con- 
dition for  over  a  year.  Weevils  breed  in  siu-h  cribs  as 
fast  as  in  any.  but  are  easily  killed  by  fumigation  with 
carbon  disulphide.     (Photograph  by  Jones) 
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can  heat  wheat  to  120°  or  125°  F.  If  grain  is  heated  to  this  tempera- 
ture for  several  hours  all  insects  in  it  will  be  killed.  Heating  to  from 
120°  to  125°  will  not  injure  its  germinating  power. 

PARASITES 

A  parasite  ®  and  a  mite  *®  often  come  to  the  farmers'  aid  and  kill 
large  numbers  of  the  moth.  Ordinarily,  however,  they  do  not  become 
of  service  until  the  moth  has  caused  much  damage.  It  is  not  prac- 
tical at  present  to  depend  upon  parasites  to  reduce  losses  in  field  or 
storage. 

COMMUNITY  EFFORT  IN  INSECT  SANITATION 

The  Angoumois  grain  moth  has  never  been  fought  vigorously  by 
farmers.  Certain  few  men  protect  their  crops  and  reap  a  saving. 
Many  farmers  wake  up  too  late  and  find  their  crops  already  badly 
affected.  Lack  of  labor  and  threshing  machines  forces  some  farmers 
to  do  the  best  they  can  without  them.  But  all  farmers  can  support 
a  campaign  in  their  own  communities  to  kill  out  the  Angoumois  grain 
moth.  Experiments  have  proved  that  the  moth  in  the  region  of 
winter  wheat  can  not  live  through  the  winter  in  the  grain  sown  in 
the  fall.  Hence  farmers  can  center  their  attack  upon  the  pest  in 
the  cribs  and  granaries.  Farther  south  the  pest  may  live  through 
the  winter  in  grain  left  in  the  field.  The  county  agents  representing 
both  State  and  Federal  departments  of  agriculture  should  interest 
fanners  in  their  counties  in  campaigns  along  the  lines  of  insect 
sanitation.  No  pest  can  be  more  effectively  controlled  than  the 
Angoumois  CTain  moth.  Success  in  this  mode  of  attack  in  the  north- 
em  range  or  the  habitat  of  the  pest  depends  upon  the  thoroughness 
with  which  farmers  combine  to  treat  infested  grain  in  storage,  and 
in  cleaning  out  their  cribs  in  the  spring.  In  the  more  southern 
States  success  depends  upon  removing  the  crop  thoroughly  from  the 
field  as  well  as  attending  to  disinfection  in  the  crib  and  cleanliness  of 
the  crib  after  the  crop  has  been  removed  from  it.  L.  O.  Howard 
first  pecommended  control  of  the  Angoumois  grain  moth  through 
community  effort  over  30  years  ago. 

If  county  agents  in  sections  where  the  moth  is  injurious  can  unite 
farmers  in  a  campaign  of  control  they  will  save  the  farmers  of  their 
counties  grain  worth  many  times  the  salaries  paid  them.  Intelligent 
insect  sanitation  pays  handsome  returns. 

^PteronuPua  gelechiae  Webster.  "^^  Pediouloidea  ventrico»U8  Newport. 
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ONLY  unbleached,  unsized,  closely  woven  duck 
should  be  used  for  farm  purposes,  and,  unless 
the  canvas  is  to  be  subjected  to  a  proofing  treat- 
ment, it  is  recommended  that  only  mineral-dyed 
khaki  be  bought  for  out-of-door  use. 

It  is  more  economical  to  buy  a  good  grade  of 
duck,  even  at  a  decidedly  higher  first  cost,  than  a 
cheap  duck  of  light  weight  and  poor  construction. 

Mildew  is  the  chief  cause  for  the  deterioration  of 
cotton  duck.  Untreated  duck  always  mildews  in 
warm  weather  if  stored  wet  or  even  slightly  damp. 
To  prevent  mildewing,  the  canvas  should  be 
thoroughly  dried  in  the  open  air  before  it  is  folded 
and  stored. 

Any  treatment  which  decreases  the  absorption  of 
water  by  canvas  increases  its  mildew  resistance.  In 
humid  climates  or  seasons,  or  under  conditions  of 
service  where  the  canvas  remains  wet  or  moist  for 
several  days  at  a  time,  a,  treatment  which  will  de- 
crease water  absorption  and,  in  consequence,  sus- 
ceptibility to  mildew,  should  be  applied. 

Satisfactory  results  for  increasing  the  service- 
ability of  cotton  duck  have  been  obtained  with  the 
formulas  given  in  this  bulletin.  One  coat  applied 
to  one  side  of  the  canvas  usuallv  is  sufficient. 
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USE  OF  COTTON  DUCK. 

COTTON  DUCK,  otherwise  known  as  canvas,  is  used  eirtensively 
for  the  protection  of  machinery,  sacked  grain,  shocks,  stacks 
and  ricks,  for  wagon  and  truck  covers,  for  awnings  and  temporary 
shelters,  for  horse  covers,  and  for  catching  grain  which  falls  to  the 
ground  during  thrashing.  Undoubtedly  it  would  be  used  to  a  greater 
extent  if  it  fulfilled  more  eflFectively  these  various  purposes  and  if  it 
retained  its  serviceability  for  a  longer  period  than  it  ordinarily  does. 
This  bulletin  tells  how  to  select  and  care  for  duck  or  canvas  on 
the  farm  and  describes  simple  methods  for  prolonging  its  period  of 
serriceability  by  the  application  of  waterproofing  and  mildewproof- 
ing  treatments. 

CLASSES  OF  COTTON  DUCK. 

Two  general  classes  of  cotton  du^k  are  known  to  the  cotton-goods 
trade.    They  are  "  numbered  duck !'  and  "  ounce  duck." 

"Numbered  ducks"  are  made  of  multiple-ply  yarns  in  both  the 
warp  and  filling  directions.  The  niunbers  run  down,  and  the  weights 
up,  from  12  to  0  (or  more  ciphers),  with  a  diflFerence  in  weight  be- 
tween the  consecutive  numbers  of  1  ounce  per  linear  yard  22  inches 
wide.  The  canvas  can  be  bought  in  widths  of  from  22  to  144  inches. 
Number  12  duck,  which  is  the  lightest  of  this  class,  weighs  7  oimces 
per  linear  yard  22  inches  wide,  or  about  11.6  ounces  per  square  yard. 
Number  00  duck,  the  heaviest  commonly  used,  weighs  20  ounqes  per 
linear  yard  22  inches  wide,  or  about  32.7  ounces  per  square  yard. 

"  Ounce  ducks  "  are  usually  from  28^  to  30  inches  wide  and  weigh 
from  6  to  15  ounces  per  linear  yard.  There  are  three  grades  or 
qualities  of  ounce  ducks : 

(1)  United  States  standard  Army  duck. — ^This  is  the  best  grade  of 
li^t  and  medium-weight  duck  on  the  market.    It  is  made  of  multiple- 

186331«— 20  8 
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ply  yams  both  in  the  warp  and  filling  directions,  and  is  not  bleached, 
loaded,  or  sized  (figs.  2,  4,  6,  and  13). 

(2)  Double-fiUed  duck. — ^The  warp  consists  of  single-ply  yarns 
and  the  filling  of  multiple-ply  yaFli$  (figs.  7,  9, 11,  and  14). 

(3)  Single-filled  duck. — ^Both  the  warp  and  filling  are  made  of 
single-ply  yarns.  This  is  the  cheapest  and  poorest  grade  of  duck 
on  the  market  (figs.  8, 10,  and  15). 

In  both  the  double-filled  and  single-filled  ducks  the  filling  yams 
are  much  heavier  than  the  warp  yams.  In  order  to  make  a  canvas 
of  more  uniform  appearance,  therefore,  the  warp  yams  are  usually 
woven  in  pairs,  resulting  in  a  loosely  woven  duck  which  has  littlo 
water  resistance  and  can  not  be  as  thoroughly  waterproofed  as  the 
nmitiple-ply  ducks. 

Double-filled  and  single-filled  ducks  are  the  kinds  most  commonly 
opd  for  awnings.  As  a  nde  they  have  been  bleached  and  are  also 
itfnally  heavily  sized  to  give  weight  to  the  material.  They  are  not 
recommended  for  out-of-door  service. 

SELECTION  OF  COTTON  DUCK  FOR  FARM  USE. 

For  farm  purposes  only  unbleaohed,  unsized,  closely  woven  duck 
sbould  be  used.  It  should  not  b^  too  stiff,  however,  nor  so  closely 
woven  that  it  has  no  flexibility  when  wet  and  cold,  in  which  case  it 
has  a  tendency  to  crack  when  creased  or  folded.  Furthermore,  stiff 
canvas  is  very  difficult  to  handle,  and,  when  used  as  a  cover,  does  not 
flbape  itself  properly  to  objects,  as  a  result  of  which  it  does  not  give 
them  adequate  protection.  For  horse  covers  a  moderately  stiff  canvas 
IB  preferable,  as  it  does  not  lie  close  to  the  body  of  the  animal  and 
dWBD  not  cause  sweating  as  readily  as  the  more  flexible  material. 

l^jorge  wagon  covers  or  pawZin^>— These  should  be  made  of  No.  8 
cinek^  which  weighs  about  18  ounces  per  square  yard,  or  of  15-ounce 
United  States  standard  Army  duck,  weighing  about  18.9  oimces  per 
square  yard  (figs.  1  and  2).         ^ 

Small  wagon  and  Tnachine  covers  or  tents. — ^Either  No.  10  or 
IS-ounce  United  States  standard  Army  duck  is  suitable  for  this 
purpose,  as  both  have  sufficient  body  without  being  too  stiff  when 
wet.  No.  10  duck  weighs  about  14.7  ounces  and  12-oimce  United 
States  standard  Army  duck  about  15.2  ounces  per  square  yard 
(figs.  3  and  4). 

SJiock  and  other  smaU  covers. — ^No.  12  duck,  weighing  about  11.5 
oonces  per  square  yard,  or  10-oimce  United  States  standard  Army 
duck,  weighing  12.6  ounces  per  square  yard,  is  satisfactory  for  this 
purpose  (figs.  5  and  6). 

It  is  more  economical  to  buy  a  good  grade  of  duck,  even  at  a 
decidedly  higher  first  cost,  than  a  cheap  duck  which  is  of  light 
weight  and  poorly  constructed  and  which  will  not  prove  serviceable. 
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Fio.  7. — 15-ounce  double  filled  duck.  Fia.  10. — 12-ounce  single  filled  duck. 

Fio.  8. — 15-ounco  single  filled  duck.  Fig.  11. — 10-ounce  double  filled  duck. 

Fic.  9. — 12-ounce  double  filled  duck.  Fio.  12. — 10-ounce  single  filled  duck. 
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Duck  which  when  held  up  to  the  light  shows  numerous  pinholes 
or  thin  places  does  not  make  good  covers,  although  a  few  small 
pinholes  may  be  permitted.  It  should  be  made  from  multiple- 
ply  yarn  and  the  weave  should. fee  medium  hard.  The  ply  of  the 
yams  can  be  determined  by  untwisting  them  and  counting  the  num- 
ber of  small  threads  into  which  they  separate.  To  ascertain  the 
closeness  of  the  weave,  the  duck  may  be  unraveled  on  two  adjacent 
sides  and  the  number  of  ends  of  yam  in  a  measured  inch  on  each 
side  counted.  Warp  threads  run  in  the  long  direction  of  the  goo'ds; 
filling  threads  run  across  the  goods. 

Greneral  observation  has  shown^that  cotton  duck  which  has  been 
dyed  a  khaki  color  with  mineral  dyes  is  more  water  resistant  than 
the  white  untreated  duck.  It  is  also  quite  mildew  resistant  and  re- 
mains so  for  a  long  time  if  the  dyeing  process  has  been  properly  con- 
ducted. Unless  the  canvas  is  to  be  subjected  to  a  proofing  treatment, 
it  is  recommended  that  only  mineral-dyed  khaki  canvas  be  bought  for 
severe  service.  A  khaki  color  may  be  obtained  also  by  the  use  of 
organic  dyes,  but  the  mineral-dyed  fabric  is  much  to  be  preferred. 
The  following  very  simple  test  will  suffice  to  determine  whether  the 
fabric  has  been  dyed  with  organic  dyes  or  with  mineral  dyes : 

Bum  a  piece  of  the  duck  imtil  no  carbon  is  left  in  the  ash.  If 
mineral  dyes  have  been  employed,  an  appreciable  amoimt  of  ash, 
colored  from  buff  to  dark  brown,  will  be  present,  whereas  if  organic 
dyes  have  been  used,  only  a  small  amount  of  a  white  to  gray  ash  will 
remain. 

CARE  OF  COTTON  DUCK. 

Because  of  the  greatly  increased  world  consumption  of  cotton  and 
Ae  enormous  crop  losses  caused  by  the  boll  weevil  during  the  past 
few  years,  the  present  demand  for  high-grade  cotton  is  barely  met 
by  the  supply.  As  a  result  the  cost  of  cotton  goods,  and  particularly 
that  of  heavy  ducks  made  from  the  better  grades  of  cotton,  is  very 
high.  It  is,  then,  a  matter  of  both  national  and  personal  economy 
to  conserve  the  supply  of  cotton;  and  by  proper  care  to  make  cotton 
duck  last  as  long  as  possible. 

The  deterioration  of  cotton  duck  is  due  to  a  number  of  causes, 
the  chief  one  being  mildew,  which  usually  appears  when  the  canvas 
remains  damp  for  several  days  in  warm  weather.  Mildew  is  readily 
recognized  by  the  appearance  on  the  canvas  of  white,  black,  yellow, 
pink,  or  green  spots,  varying  in  size  from  that  of  a  pinhead  to  that 
of  a  5-cent  piece.  Canvas  may  be  injured  also  by  bacterial  action, 
which  produces  no  marked  change  in  the  color  but  weakens  the 
entire  fabric.  This  occurs  when  the  canvas  has  lain  for  some  time 
in  contact  with  the  ground  or  a  damp  floor.    In  addition  canvas  may 
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Fig.  13. — 8-ounco  U.  S.  standard  Army  duck. 
Fig.  14. — S-ounce  double  filled  duck. 
Fig.  15. — 8-ouDce  single  filled  duck. 


Digiti 


zed  by  Google 


Waterproofing  an/f  ^Tildewproofing  of  Cotton  Duck.        9 

be  weakened  by  the  chemical  action  of  materials  in  it  or  by  the 
action  of  air  and  moisture  alone  under  the  influence  of  sunlight. 

White  imtreated  cotton  duck  mildews  very  quickly  under  certain 
conditions,  such  as  warmth,  absence  of  light,  and  a  moist  atmosphere. 
Canvas  which  is  folded  and  stored  wet  or  even  slightly  damp  usually 
is  more  or  less  mildewed  when  taken  out,  especially  if  it  has  been  put 
in  a  rather  warm,  dark  place.  Such  canvas  is  much  weakened  and 
leaks  in  the  mildewed  places,  so  that  if  not  totally  useless  when  first 
taken  out  it  soon  becomes  so  in  service  and  must  be  replaced. 

Canvas  which  has  become  wet  or  even  damp  should  be  dried  as  soon 
as  possible  by  being  spread  out  over  a  wagon  or  himg  over  a  wooden 
fence  or  a  large  pole,  preferably  in  the  sunshine,  until  it  is  thor- 
oughly dry.  If  the  weather  is  wet,  it  may  be  himg  under  a  shed 
or  In  the  bam.  No  canvas,  bags,  etc.,  should  be  folded  or  stored 
while  damp.  Folding  of  heavy  canvas,  especially  if  it  has  been 
stiffened  by  a  waterproofing  treatment  or  by  being  wet  or  frozen, 
may  weaken  or  crack  the  fabric,  Causing  it  to  leak.  For  this  reason 
heavy  canvas  when  not  in  use  should  hang  over  a  beam  or  large 
horizontal  pole,  or  should  be  suspended  against  the  inside  of  a  bam 
or  shed  rather  than  folded. 

WATERPROOFING  AND  MILDEWPROOFING  COTTON 

DUCK. 

Cotton  duck,  or  canvas,  which  has  been  given  no  special  treatment 
sheds  water  to  some  extent  as  long  as  it  does  not  mildew,  especially 
if  it  is  closely  woven  and  shows  but  few  pinholes  when  held  up  to 
the  light.  Its  water  resistance  in  the  untreated  condition  is  sufficient 
for  awnings,  pavilions,  fixed  wagon  covers,  tents,  large  umbrellas, 
or  other  uses  where  the  fabric  is  not  in  a  horizontal  position  and 
where  it  is  not  in  contact  with  objects  beneath  it.  Untreated  canvas 
does  not  owe  its  serviceability  for  such  purposes  to  the  fact  that  it 
does  not  become  wet.  Except  in  the  case  of  new  and  imbleached 
fabrics,  where  the  natural  oils  -end  waxy  substances  of  raw  cotton 
fiber  as  well  as  oils  applied  to  the  yam  during  spinning  and  weav- 
ing are  still  present,  cotton  fabrics  have  high  water  absorption, 
and  canvas  used  for  any  of  the  purposes  mentioned  will  be  found 
to  be  soaked  with  water  after  a  rain. 

In  general,  it  may  be  said  that  the  danger  from  mildew  increases 
with  the  tendency  of  the  canvas  to  become  wet,  unless  some  substance 
which  is  decidedly  poisonous  to  mildew  is  present.  Where  the  wet 
canvas  remains  exposed  to  the  light  and  air  so  that  it  can  dry  in  a 
reasonably  short  time,  there  is  little  necessity  for  treatment  to  prevent 
mildew.  In  hiunid  climates  or  seasons,  or  under  conditions  of  serv- 
ice where  the  canvas  remains  wet  or  moist  for  several  days  at  a  time. 
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however,  treatments  which  will  decrease  the  rate  of  water  absorption, 
at  the  same  time  decreasing  the  susceptibility  to  mildew,  should  be 
applied.  Another  reason  for  applying  waterproofing  treatments  is 
that  imtreated  canvas  brought  in  contact,  especially  moving  contact, 
with  objects  beneath  it  does  not  shed  water  satisfactorily. 

White  untreated  canvas  remains  serviceable  for  from  one  to  five 
years,  or  occasionally  longer,  depending  upon  its  quality,  the  con- 
ditions under  which  it  is  used,  and  the  care  taken  to  keep  it  from 
mildewing.  As  previously  stated,  canvas  dyed  a  khaki  color  with 
mineral  dyes  lasts  longer  than  white  untreated  canvas  under  the 
same  conditions.  Since  it  is  sometimes  difficult  to  obtain  khaki- 
colored  canvas  and  not  always  possible  to  exercise  proper  and  timely 
care  of  canvas  articles,  treatments  which  will  increase  the  servicea- 
bility of  white  duck  are  desirable.  Proper  treatments  increase 
the  usefuhiess  and  more  than  double  the  period  of  serviceability 
of  white  canvas.  Treated  canvas  and  commercial  preparations  for 
treating  canvas  may  sometimes  be  obtained  from  tent  and  awning 
dealers,  but  should  never  be  purchased  without  some  satisfactory 
evidence  of  the  merit  of  such  treatments. 

The  most  common  of  the  several  existing  types  of  waterproofing 
processes  are:  (1)  Those  in  which  the  water  resistance  is  due  to  in- 
soluble metallic  soaps  or  other  insoluble  metallic  compoimds,  as,  for 
example,  aluminiun  soap,  acetate  of  aluminum,  mineral  khaki,  and 
cuprammonium  treatments;  (2)  those  depending  upon  the  use  of 
paraffin  or  mixed  waxes;  (3)  those  depending  upon  the  use  of 
bituminous  materials,  such  as  asphaltum  or  tar;  (4)  those  depending 
upon  the  use  of  linseed  oil  or  other  drying  oils;  (5)  those  where 
combinations  of  the  processes  of  types  1,  2,  3,  and  4  are  used. 

By  some  treatments,  such  as  the  cuprammonium,  substances  which 
are  poisonous  to  mildew  growth  are  left  on  the  canvas.  Practically 
complete  mildew  resistance  may  be  obtained  by  means  of  the  cupram- 
monium treatment,  but  this  treatment  and  many  others  are  not 
adapted  to  home  application.  Mildew  resistance  can  be  secured  best 
in  home  treatments  by  the  application  of  materials  which  are  eflFective 
waterproofing  agents  but  contain  no  food  for  the  mildew  organisms, 
or  by  the  incorporation  in  the  waterproofing  materials  of  fungicides 
which  retard  decidedly  the  development  of  mildew  growth.  Some 
waterproofing  treatments,  particularly  those  in  which  raw  drying 
oils  or  semidrying  oils,  such  as  linseed  and  cottonseed,  are  used, 
should  be  avoided,  as  they  cause  a  deterioration  in  the  strength  of 
the  fabric  and  also  render  the  treated  canvas  liable  to  spontaneous 
combustion.  It  is  advisable  also  to  avoid  treatments  with  hard 
paraffin  wax,  as  they  give  canvas  undesirable  physical  properties 
which  seem  to  make  it  more,  rather  than  less,  susceptible  to  the  action 
of  mildew. 
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FORMULAS. 

After  thorough  tests,  both  in  the  laboratory  and  in  the  field,  the 
department  has  found  that  the  following  formulas,  which  have  been 
developed  in  the  course  of  its  investigations,  are  very  satisfactory 
for  increasing  the  serviceability  of  cotton  duck.  It  is  believed  that 
they  will  meet  the  requirements  of  the  farmer  and  ranchman  and 
others  using  canvas  for  outdoor  purposes.  These  formulas  are  de- 
signed solely  for  use  in  waterproofing  and  mildewproofing  treat- 
ments. While  the  department  believes  that  the  formulas  here  given 
do  not  infringe  on  any  existing  patents  or  pending  applications  for 
patents,  it  can  assume  no  responsibility  in  the  matter. 

FOBMULA  1. 

Pounds. 

AmorphoDs  mineral  wax  or  crude  petrolatum 7i 

Yellow  beeswax 1 

Refined  Bermudez  Lake  asphalt li 

Solvent :  3  gallons  gasoline  and  2  gallons  kerosene. 

FOBMULA  2.* 

Pounds. 

Petroleum  asphalt  (medium  liard)  or  Bermudez  asphalt 6 

Neutral  or  extracted  wool  grease 2i 

Lead  oleate,  technical li 

Solvent :  3  gallons  gasoline  and  2  gallons  kerosene. 

FOBinTLA.  3. 

Pounds. 

Amorphous  mineral  wax  or  crude  petrolatum , 81 

Yellow  beeswax li 

Solvent :  3  gallons  gasoline  and  2  gallons  kerosene. 

FOBMULA  4. 

Pounds. 

Amorphous  mineral  wax  or  crude  petrolatum 6^ 

Yellow  beeswax 1^ 

Lead  oleate,  technical 2 

Solvent :  3  gallons  gasoline  and  2  gallons  kerosene. 

Applications  of  mixtures  made  by  formulas  1  and  2  give  the  canvas 
a  dark  brownish  color,  while  those  made  according  to  formulas  3  and 
4  give  it  a  light  buff  to  khaki  color.  The  first  two  are  preferable  for 
all  purposes  where  a  dark  color  is  not  objectionable. 

The  amorphous  wax  referred  to  in  the  formulas  is  a  soft  grease-like 
mineral  *'  wax  "  obtained  as  a  by-product  in  refining  chilled  cylinder- 

^  This  formnla  was  devised  on  Jnly  28,  1919.  Subsequent  to  that  date,  on  Sei>tember  80, 
1919,  U.  S.  Patent  No.  1,817,469  was  issued  to  R.  R.  Adams,  covering  the  use  of  wool 
grease  as  an  **  oleaginous  ingredient "  of  a  paint,  the  wool  grease  being  added  for  the 
purpose  of  increasing  the  adhesive  properties,  the  flexibility,  and  the  luster.  Formula  2 
is  intended  to  be  used  for  waterproofing  and  mildewproofing  purposes,  and  not  as  a  paint. 
It  differs  from  a. paint  in  its  general  composition  and  also  in  that  when  applied  to  one 
■Ide  of  canvas  it  does  not  simply  form  a  surface  coating  but  thoroughly  impregnates  the 
fabric  so  that  both  jides  are  substantially  alike. 
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oil  stocks  by  means  of  centrifugal  machines,  and  is  very  similar  to 
dark  petrolatum,  except  that  it  is  more  viscous  and  has  a  higher 
melting  point.  The  substitution  for  it  of  dark  or  amber  petrolatum 
will  not  materially  change  the  resi^lts.  Lead  oleate  is  an  insoluble 
metallic  soap,  which  is  added  to  insure  waterproofness  as  well  as 
mildewproofness.  The  kerosene  is  added  not  only  to  decrease  the 
cost,  but  to  reduce  the  volatility  of  the  solvent,  thus  making  the 
mixture  spread  better.  All  of  these  materials  may  be  purchased,  but 
not  always  from  local  dealers.  Amorphous  mineral  wax  or  crude 
petrolatum  (sometimes  called  petroleiun  grease)  may  be  secured 
from  dealers  in  oils  and  greases.  The  asphalts  are  obtainable  frona 
dealers  in  roofing  materials.  At  present  it  probably  is  impossible 
to  buy  the  wool  grease  from  local  dealers.  This  material,  as  well 
as  amorphous  mineral  wax,  however,  may  be  ordered  from  wholesale 
dealers  in  oils  and  greases  or  tanners'  supplies,  through  hardware 
stores,  or  through  dealers  in  agricultural  supplies  and  implements. 
Lead  oleate,  which  also  is  not  sold  by  small  dealers,  must  be  ordered 
from  manufacturers  of  chemicals  through  local  druggists  or  paint 
dealers,  who  will  also  supply  beeswax. 

MIXING  THB  MATERIALS. 

Weigh  out  the  solid  materials  in  proper  proportions,  place  them  in 
a  kettle  or  can,  and  melt  slowly  and  carefully  at  as  low  a  temperature 
as  possible,  with  constant  stirring.  When  the  mixture  has  completely 
melted,  remove  to  a  safe  distance  from  the  fire^  and  pour  it  slowly, 
with  constant  stirring,  into  the  proper  quantity  of  solvent  (a  mixture 
of  3  parts  by  volume  of  gasoline  and  2  parts  by  volume  of  kerosene), 
using  5  gallons  of  this  solvent  to  10  poimds  of  the  mixture.  This 
should  be  done  with  free  ventilation,  preferably  out  of  doors. 

In  the  preparation  of  mixtures  by  formulas  1  and  2  there  is  s(Mne- 
times  a  separation  of  asphalt  that  does  not  mix  imiformly  with  the 
solution  upon  stirring  or  shaking.  In  such  cases  allow  the  mixture 
to  stand  a  day  or  so,  with  occasional  stirring,  before  applying  it  to 
the  canvas.  In  other  cases  where  the  material  settles  to  the  bottom  of 
the  container  or  thickens  it  will  be  necessary  to  warm  the  mixture 
just  before  applying  it  to  the  canvas.  This  must  be  done  in  the  open 
air  by  placing  the  open  container  in  a  tub  or  can  of  h/)t  water.  Be 
sure  that  the  container  is  open,  and  NEVER  PLACE  IT  OVER  OR 
NEAR  A  FLAME. 

APPLICATION. 

The  mixture  must  be  thoroughly  stirred  before  and  during  appli- 
cation, in  order  to  keep  the  imdissolved  material  in  suspension.  These 
preparations  may  be  applied  to  the  canvas  by  means  of  a  paint  brush 
or  by  spraying.    Wagon  covers,  shock  covers,  etc.,  may  be  treated 
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best  by  stretching  the  canvas  against  the  side  of  a  bam  or  attaching 
it  to  a  frame  and  applying  the  material  with  a  brush.  Once  the 
canvas  is  fixed  in  position,  no  more  time  is  required  to  treat  it  than 
is  necessary  to  apply  a  first  coat  of  paint  to  a  rough  board  siding 
having  the  same  area.  Much  time  may  be  saved  in  treating  large 
paulins  and  standing  tents  by  applying  the  material  with  a  spray 
pump,  with  which  a  pressure  of  at  least  50  pounds  is  developed. 
Some  loss  of  material,  however,  results  from  this  method. 

The  experience  of  the  department  has  been  that  one  coat  applied 
to  one  side  of  the  canvas  usually  is  sufficient.  When  one  coat  is 
applied  to  one  side,  using  the  strength  of  solution  as  given  in  the 
formulas,  there  will  be  an  increase  in  weight  of  from  3J  to  4J  ounces 
per  square  yard.  Ten  poxmds  of  the  material  and  5  gallons  of  the 
solvent  will  treat  about  40  square  yards  of  canvas. 

COST  OF  WATERPROOFING  AND  MILDEWPROOFING  COTTON  DUCK. 

Based  on  the  lowest  prices  current  in  Washington,  D.  C,  in 
August,  1920,  the  cost  of  the  materials  called  for  in  the  formulas  here 
given  has  been  estimated  to  be  as  follows : 


Materials  famished. 

Retail. 

Whole- 
sale. 

Formolal..... 

13.30 
2.70 
3.80 
4.30 

12.80 

Tonmxla  2 ....--.,,. .,,.,.--, , 

2.46 

Tormnlft?.. ■  --  -             - 

3.10 

ToflDlllB  4 

3.60 

This  cost  is  calculated  for  about  6J  gallons  of  the  mixture,  which 
would  cover  about  40  square  yards  of  canvas ;  that  is,  the  cost  of  the 
treatments  would  vary  from  about  7  to  about  11  cents  a  square  yard. 
The  cost  of  preparing  the  mixture  by  formula  2  is  reduced  by  about 
25  cents  when  extracted  wool  grease  is  substituted  for  the  neutral 
wool  grease  first  specified. 

The  prices  on  which  these  estimates  were  based  are  as  follows: 


Whole- 
sale. 


AmoriflMMiB  mineral  wax  or  crude  petrolatum  (per  pound) 

Yellow  beeswax  (per  pound) 

Bennpdcs  Lake  asphalt  (per  ywmd) 

Peiicilcuiu Bsphstt  (peTpcnxna )....... 

Keatral  wool  grease  (per  poima) , 

Extracted  wool  ereaaefperpamd) 

Lead  oleate,  technical  nierpoand ) 

-      "?  (per  gallon) 

el^  gallon) 
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ONLY  unbleached,  unsized,  closely  woven  duck 
should  be  used  for  farm  purposes,  and  unless 
the  canvas  is  to  be  subjected  to  a  proofing  treatment, 
it  is  recommended  that  only  mineral-dyed  khaki  be 
bought  for  out-of-door  use. 

It  is  more  economical  to  buy  a  good  grade  of  duck, 
even  at  a  decidedly  higher  first  cost,  than  a  cheap 
duck  of  light  weight  and  poor  construction. 

Mildew  and  sunlight  are  the  chief  causes  for  the 
deterioration  of  cotton  duck.  Untreated  duck  always 
mildews  in  warm  weather  if  stored  wet  or  even 
slightly  damp.  To  prevent  mildewing,  the  canvas 
should  be  thoroughly  dried  in  the  open  air  before 
it  is  folded  and  stored.  Sunlight  causes  rapid  de- 
terioration of  untreated  duck  and  even  more  rapid 
deterioration  of  duck  subjected  to  certain  treatments. 
Pigments  tend  to  prevent  such  deterioration. 

Treatments  which  decrease  the  absorption  of 
water  by  canvas  usually  increase  its  mildew  resist- 
ance. In  humid  climates  or  seasons,  or  under  con- 
ditions of  service  where  the  canvas  remains  wet  or 
moist  for  several  days  at  a  time,  a  treatment  which 
will  decrease  water  absorption  should  be  applied. 

Satisfactory  results  for  increasing  the  service- 
ability of  cotton  duck  have  been  obtained  with  the 
formulas  given  in  this  bulletin.  One  coat  applied 
to  one  side  of  the  canvas  usually  is  sufficient. 


WMhinrton,  D.  C  lumd  October*  1920 ;  rerlscd  Jaly*  19S1 
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USE  OF  COTTON  DUCK 

COTTON  DUCK,  otherwise  known  as  canvas,  is  used  extensively 
for  the  protection  of  machinery,  sacked  grain,  shocks,  stacks 
and  ricks,  for  wagon  and  truck  covers,  for  awnings  and  temporary 
shelters,  for  horse  covers,  and  for  catching  grain  which  falls  to  the 
ground  during  threshing.  Undoubtedly  it  would  be  used  to  a  greater 
extent  if  it  fulfilled  more  effectively  these  various  purposes  and  if  it 
retained  its  serviceability  for  a  longer  period  than  it  ordinarily  does. 
This  bulletin  tells  how  to  select  and  care  for  duck  or  canvas  on  the 
farm  and  describes  simple  methods  for  prolonging  its  period  of  serv- 
iceability by  the  application  of  waterproofing  and  mildewproofing 
treatments. 

CLASSES  OF  COTTON  DUCK 

Two  general  classes  of  cotton  duck  are  known  to  the  cotton-goods 
trade.    They  are  "  numbered  duck  "  and  '*  ounce  duck." 

"  Numbered  ducks  "  are  made  of  multiple-ply  yarns  in  both  the 
warp  and  filling  directions.  The  numbers  run  down,  and  the  weights 
up,  from  12  to  0  (or  more  ciphers),  with  a  difference  in  weight  be- 
tween the  consecutive  numbers  of  1  ounce  per  linear  yard  22  inches 
wide.  The  canvas  can  be  bought  in  widths  of  from  22  to  144  inches. 
No.  12  duck,  which  is  the  lightest  of  this  class,  weighs  7  ounces  per 
linear  yard  22  inches  wide,  or  about  11.5  ounces  per  square  yard. 
No.  00  duck,  the  heaviest  commonly  used,  weighs  20  ounces  per  linear 
yard  22  inches  wide,  or  about  32.7  ounces  per  square  yard. 

^  Ounce  ducks  "  are  usually  from  28i/^  to  30  inches  wide  and  weigh 
from  6  to  15  ounces  per  linear  yard.  There  are  three  grades  or 
qualities  of  ounce  ducks : 

(1)  United  States  standard  Army  duck. — ^This  is  the  best  grade  of 
light  and  medium-weight  duck  on  the  market.    It  is  made  oi  multi- 

£le-ply  yams  both  in  the  warp  and  filling  directions,  and  is  not 
leache(J,  loaded,  or  sized.     (Figs.  2,  4,  6,  and  13.) 

(2)  Double-filled  duck. — The  warp  consists  of  single-ply  yams 
and  the  filling  of  multiple-ply  yarns.     (Figs.  7,  9, 11,  and  14.) 

57207  •—31  1 
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(3)  Single-filled  duck. — ^Both  the  warp  and  filling  are  made  of 
single-ply  yarns.  This  is  the  cheapest  and  poorest  grade  of  duck 
on  the  market.     (Figs.  8,  10,  and  15.^ 

In  both  the  double-filled  and  single-filled  ducks  the  filling  yams 
are  much  heavier  than  the  warp  yarns.  In  order  to  make  a  canvas 
of  more  uniform  appearance,  therefore,  the  warp  yarns  are  usually 

in  a  looselv  woven  duck  which  has  little 
not  be  as  thoroughly  waterproofed  as  the 

ed  in  weaving  these  ducks  with  single-ply 

dght  to  the  labric,  which  is  soon  lost  on 

its  water-absorption  and  susceptibility  to 

ns,  such  ducks  are  not  recommended  for 


COTTON  DUCK  FOR  FARM  USE 

ly  bleached,  unsized,  closely  woven  duck 
d  not  be  too  stiff,  however,  nor  so  closely 
bility  when  wet  and  cold,  in  which  case  it 
hen  creased  or  folded.  Furthermore,  stiff 
landle,  and,  when  used  as  a  cover,  does  not 
ejects,  as  a  result  of  which  it  does  not  give 
For  horse  covers  a  moderately  stiff  can- 
5  not  lie  close  to  the  body  of  the  animal  and 
\  readily  as  the  more  flexible  material. 
,s. — ^These  should  be  made  of  No.  8  duck 
ices  per  square  yard,  or  of  15-ounce  United 
ck,  weighing  about  18.9  ounces  per  square 

overs.— Either  No.  10  or  12-ounce  United 
:k  is  suitable  for  this  purpose,  as  both  have 
ng  too  stiff  when  wet.  No.  10  duck  weighs 
ounce  United  States  standard  Army  duck 
re  yard.  (Figs.  3  and  4.) 
lall  covers. — No.  12  duck,  weighing  about 
ard,  or  10-ounce  United  States  standard 
I  ounces  per  square  yard,  is  satisfactory  for 
nd  6.)  Although  not  so  durable,  lignter- 
unce  or  8-ounce  Khaki  Army  duck,  or  even 
sheeting  that  has  been  waterproofed,  can 

duck  is  suflSciently  heavy  for  this  purpose, 
plain  or  decorated  with  painted  stripes,  is 
Imary  awning  ducks. 

ted  States  standard  Army  duck  is  suitable 
lat  are  used  occasionally  for  comparatively 
or  large  tents  or  tents  that  are  used  con- 
f  duck  is  more  serviceable.  Shelter-tent 
lightweight  auto  tents, 
to  buy  a  good  grade  of  duck,  even  at  a 
decidedly  higher  first  cost,  than  a  cheap  duck  which  is  poorly  con- 
structed and  will  not  prove  serviceable. 
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CARE  OF  COTTON  DUCK 

The  deterioration  of  cotton  duck  is  due  to  a  number  of  causes  other 
than  use.  One  is  mildew,  which  usually  appears  when  the  canvas 
remains  damp  for  several  days  in  warm  weather.  Mildew  is  readily 
recognized  by  the  appearance  on  the  canvas  of  white,  black,  yellow, 
pink,  or  green  spots,  varying  in  size  from  that  of  a  pinheaa  to  that 
of  a  6-cent  piece.  Canvas  may  be  injured  also  by  bacterial  action, 
which  produces  no  marked  change  in  the  color  but  weakens  the  entire 
fabric.  This  occurs  when  the  canvas  has  lain  for  some  time  in  con- 
tact with  the  ground  or  a  damp  floor.  In  addition  canvas  Djiay  be 
weakened  by  the  chemical  action  of  materials  in  it  or  simply  by 
exposure  to  sunlight. 

White  untreated  cotton  duck  mildews  very  quickly  under  certain 
conditions,  such  as  warmth,  absence  of  light,  and  a  moist  atmosphere. 
Canvas  which  is  folded  and  stored  wet  or  even  slightly  damp  usually 
is  more  or  less  mildewed  when  taken  out,  especially  if  it  has  been  put 
in  a  rather  warm,  dark  place.  Such  canvas  is  much  weakened  and 
leaks  in  the  mildewed  places,  so  that  if  not  totally  useless  when  first 
taken  out  it  soon  becomes  so  in  service  and  must  be  replaced. 

Canvas  which  has  become  wet  or  even  damp  should  be  dried  as 
soon  as  possible  by  being  spread  out  over  a  wagon  or  hung  over  a 
wooden  fence  or  a  large  pole,  preferably  in  the  sunshine,  until  it  is 
thoroughly  dry.  If  the  weather  is  wet,  it  may  be  hung  under  a  shed 
or  in  the  barn.  No  canvas,  bags,  etc.,  should  be  folded  or  stored 
while  damp.  Folding  of  heavy  canvas,  especially  if  it  has  been 
stiffened  by  a  waterproofing  treatment  or  by  being  wet  or  frozen, 
may  weaken  or  crack  the  fabric,  causing  it  to  leak.  For  this  reason 
heavy  canvas  when  not  in  use  should  hang  over  a  beam  or  large 
horizontal  pole,  or  should  be  suspended  against  the  inside  of  a  barn 
or  shed  rather  than  folded. 

WATERPROOFING  AND  MILDEWPROOFING  COTTON  DUCK 

Cotton  duck,  or  canvas,  which  has  been  given  no  special  treatment 
sheds  water  to  some  extent  as  long  as  it  does  not  mudew,  especially 
if  it  is  closely  woven  and  shows  but  few  pinholes  when  held  up  to 
the  light.  Its  water  resistance  in  the  untreated  condition  is  sufficient 
for  awnings,  pavilions,  fixed  wagon  covers,  tents,  large  umbrellas, 
or  other  uses  where  the  fabric  is  not  in  a  horizontal  position  and 
where  it  is  not  in  contact  with  objects  beneath  it.  Untreated  canvas 
does  not  owe  its  serviceability  for  such  purposes  to  the  fact  that  it 
does  not  become  wet.  Except  in  the  case  of  new  and  unbleached 
fabrics,  where  the  natural  oils  and  waxy  substances  of  raw  cotton 
fiber  as  well  as  oils  applied  to  the  yam  during  spinning  and  weav- 
ing are  still  present,  cotton  fabrics  have  high  water  absorption, 
and  canvas  used  for  any  of  the  purposes  mentioned  will  be  found 
to  be  soaked  with  water  after  a  ram. 

In  general,  it  may  be  said  that  the  danger  from  mildew  increases 
with  the  tendency  of  the  canvas  to  become  wet,  unless  some  substance 
which  is  decidedly  poisonous  to  mildew  is  present.  Where  the  wet 
canvas  remains  exposed  to  the  light  and  air,  so  that  it  can  dry  in  a 
reasonably  short  time,  there  is  little  necessity  for  treatment  to  pre- 
vent mildew.  In  humid  climates  or  seasons,  or  under  conditions  of 
service  where  the  canvas  remains  wet  or  moist  for  several  days  at 
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a  time,  however,  treatments  which  will  decrease  the  rate  of  water 
absorption,  at  the  same  time  decreasing  the  susceptibility  to  mildew, 
should  be  applied.  Another  reason  for  applying  waterproofing  treat- 
ments is  that  untreated  canvas  brought  in  contact,  especially  moving 
contact,  with  objects  beneath  it  does  not  shed  water  satisfactorily. 

White  untreated  canvas  remains  serviceable  for  from  one  to  five 
years,  or  occasionally  longer,  depending  upon  its  quality,  the  con- 
ditions under  which  it  is  used,  and  the  care  taken  to  keep  it  from 
mildewinff.  As  previously  stated,  canvas  dyed  a  khaki  color  with 
mineral  dyes  lasts  longer  than  white  untreated  canvas  under  the 
same  conditions.  Since  it  is  sometimes  difficult  to  obtain  khaki- 
colored  canvas  and  not  always  possible  to  exercise  proper  and  timely 
care  of  canvas  articles,  treatments  which  will  increase  the  service- 
ability of  white  duck  are  desirable.  Proper  treatments  increase  the 
usefulness  and  more  than  double  the  period  of  serviceability  of 
white  canvas.  Treated  canvas  and  commercial  preparations  for 
treating  canvas  may  sometimes  be  obtained  from  tent  and  awning 
dealers,  but  should  never  be  purchased  without  some  satisfactory 
evidence  of  the  merit  of  such  treatments. 

The  most  common  of  the  several  existing  types  of  waterproofing 
processes  are:  (1)  Those  in  which  the  water  resistance  is  due  to  in- 
soluble metallic  soaps  or  other  insoluble  metallic  compounds,  as,  for 
example,  aluminum  soap,  basic  acetate  of  aluminum,  mineral  khaki, 
and  cupranmionium  treatments;  (2)  those  depending  upon  the  use 
of  paraffin  or  mixed  waxes;  (3)  those  depending  upon  the  use  of 
bituminous  materials,  such  as  asphaltum  or  tar;  (4)  those  depending 
upon  the  use  of  linseed  oil  or  other  drying  oils;  (5)  those  where 
combinations  of  the  processes  of  types  1,  2,  3,  and  4  are  used. 

By  some  treatments,  such  as  cuprammonium,  substances  which 
are  poisonous  to  mildew  growth  are  left  on  the  canvas.  Practically 
complete  mildew  resistance  may  be  obtained  by  means  of  the  cupram- 
monium treatment,  but  this  treatment  and  many  others  are  not 
adapted  to  home  application.  Mildew  resistance  can  be  secured  best 
in  home  treatments  by  the  application  of  materials  which  are  effective 
waterproofing  agents  but  contain  no  food  for  the  mildew  organisms, 
or  by  the  incorporation  in  the  waterproofing  materials  of  fungicides 
whidi  reterd  decidedly  the  development  of  mildew  growth.  Among 
such  fungicides  the  most  readily  available  are  dry  Bordeaux  mix- 
ture and  Paris  green,  but  the  use  of  these  substances  is  attended 
«with  considerable  danger,  as  they  may  dust  off  the  fabric  and  be 
inhaled  or  contaminate  foodstuffs.  It  is  advisable  to  avoid  treat- 
mente  with  paraffin  wax,  as  they  give  canvas  undesirable  physical 
properties  wnich  seem  to  make  it  more,  rather  than  less,  susceptible 
to  the  action  of  mildew. 

It  has  been  found  that  some  waterproofing  treatments,  particularly 
those  in  which  materials  of  an  oily,  greasy,  or  waxy  character  are 
used,  cause  cotton  duck  to  lose  strength  very  rapidly  when  exposed  to 
sunli^t.  Untreated  12-oimce  Army  duct  may  lose  about  40  per 
cent  of  ite  strength  as  a  result  of  exposure  to  the  weather  for  six 
months  during  tne  warmer  part  of  the  year.  Duck  treated  with 
linseed  oil  may  lose  65  per  cent  or  more  of  its  strength  when  simi- 
larly exposed,  and  duck  treated  with  materials  consisting  mostly  of 
paraffin,  petrolatum,  or  petroleum  grease  may  lose  from  80  to  90  per 
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cent  of  its  strength  when  exposed  under  the  same  conditions.  Canvas 
treated  with  waterproofing  preparations  containing  certain  pigments 
such  as  lampblack  and  the  earth  pigments  (ocher,  sienna,  ana  umber) 
does  not  lose  so  much  of  its  strength  when  exposed  to  the  weather. 
For  this  reason  it  is  advisable  to  add  an  opaque  pi^ent  to  any 
waterproofing  preparation  to  be  used  on  canvas  that  will  be  exposed 
to  the  weather  continuously  or  frequently.  If  a  commercial  prepa- 
ration is  to  be  used  it  is  best  to  select  one  that  will  color  the  fabric 
distinctly  and  permanently. 

FORMULAS 

In  formulas  for  home  use  in  waterproofing  canvas  the  choice  of 
materials  is  necessarily  limited  to  those  that  are  generally  available 
or  that  can  be  procured  in  moderately  small  quantities  with  little 
effort  and  at  fairly  low  cost. 

Waterproofing  treatments  prepared  according  to  the  following 
formulas  have  been  found  satisfactory  for  increasing  the  service- 
ability of  cotton  duck,  and  it  is  believed  that  they  will  meet  the 
requirements  of  the  farmer  and  ranchman  and  others  using  canvas 
for  outdoor  purposes. 

For  canvas  paulins  or  large  portable  covers — 

FORMULA   1 

Petrolatum  (vaseUne),  dark  or  amber pounds..  8% 

Beeswax,  yeUow  refined do 1^ 

Earth  pigment,  dry  (ocher,  si^ina,  or  umber) do 5 

Volatile  mineral  spirits  (painters'  naphtha) gallons 5 

FORMULA.  2 

Petroleum  asphalt,  medium  hard pounds 7% 

Petrolatum,  dark  or  amber do 2% 

Lami]l)lack,  dry do 1 

VolatUe  mineral  spirits  (painters*  naphtha) gaUona 5 

The  quantities  specified  are  sufficient  to  treat  about  40  square  yards 
of  canvas  on  one  side. 

A  mixture  of  3  gallons  of  gasoline  and  2  gallons  of  kerosene  can  be 
substituted  for  the  volatile  mineral  spirits,  but  will  evaporate  more 
slowly.  Canvas  treated  according  to  the  first  formula  will  be  colored 
buff  by  ocher.  khaki  by  raw  sienna,  drab  by  raw  umber,  and  brown 
by  burnt  umoer.  If  a  white  treatment  is  preferred,  use  dry  zinc 
oxide  in  place  of  earth  pig^ment.  For  some  purposes,  lormula  1  with 
a  light-colored  pigment  will  be  preferable  to  formula  2,  because  can-  ' 
vas  treated  with  the  latter  will  absorb  more  heat  from  sunli^t, 
owing  to  its  black  color. 

For  permanently  fixed  canvas  covers — 

FORMULA  3 

Boiled  linseed  oil gallon 1 

Lampblack,  ground  in  linseed  oil ^pounds 2 

Japan  drier pint 1 

FORMULA  4 

Boiled  linseed  oil gaUon 1 

Aluminum  bronzing  powder pound 1 

Japan  drier 1 pint % 

For  lightweight  fabrics  not  continuously  or  frequently  expK>sed  to 
sunlight — 
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lORMULA  5 


Beeswax,  yellow  refined — • pound..        % 

Spirits  of  turpentine gallon 1 

Petrolatum  and  beeswax  can  be  purchased  from  druggists  or  from 
wholesale  dealers  in  drugpsts'  supplies.  Petroleum  asphalt  can 
sometimes  be  supplied  by  dealers  in  roofing  materials  or  can  be  or- 
dered from  refiners  of  asphaltic  base  petroleum.  The  other  materials 
specified  in  the  formulas  can  be  obtained  from  paint  stores. 

MIXING  THB  MATERIALS 

In  the  preparation  of  waterproofing  solutions  according  to  formu- 
las 1,  2,  and  5,  place  the  specified  weights  of  waterproofing  materials 
in  a  suitable  metal  container  and  melt  slowly  and  carefully  at  as  low 
a  temperature  as  possible,  with  constant  stirring.  Then  remove  to  a 
place  where  there  is  good  ventilation  and  no  fire  or  open  flame  and 
pour  the  melted  material  into  the  solvent  while  stirrmg.  When  a 
pigment  is  used,  thin  the  pigment  in  a  separate  container  by  mixing 
with  it  small  additions  of  the  liquid,  and  when  the  pigment  mixture 
is  sufficiently  thinned  strain  it  through  fine-mesh  wire  screen  or 
several  thicknesses  of  cheesecloth  into  the  waterproofing  liquid.  In 
formulas  3  and  4  the  pigments  should  be  thinned  in  a  similar  manner 
with  linseed  oil  before  they  are  added  to  the  bulk  of  the  oil. 

Wh^i*  the  waterproofing  material  settles  to  the  bottom  of  the  con- 
tainer or  thickens,  it  wiU  be  necessary  to  warm  the  mixture  just 
before  applying  it  to  the  canvas.  This  must  be  done  in  the  open  air 
by  placing  the  container  in  a  tub  or  can  of  hot  water.  Be  sure  that 
the  contamer  is  open,  and  never  place  it  over  or  near  a  flame. 

APPLICATION 

The  mixture  must  be  thoroughly  stirred  before  and  during  appli- 
cation, in  order  to  keep  the  undissolved  material  in  suspension. 
These  preparations  may  oe  applied  to  the  canvas  by  means  of  a  paint 
brush  or  oy  spraying.^  Wagon  covers,  shock  covers,  etc.,  may  be 
treated  best  by  stretching  the  canvas  against  the  side  of  a  bam  or 
attaching  it  to  a  frame  and  applying  the  material  with  a  brush. 
Once  the  canvas  is  fixed  in  position,  no  more  time  is  required  to  treat 
it  than  is  necessary  to  apply  a  first  coat  of  paint  to  a  rough  board 
siding  having  the  same  area.  Much  time  may  be  saved  in  treating 
large  paulins  and  standing  tenls  by  applying  the  material  with  a 
spray  pump,  with  which  a  pressure  of  at  least  50  pounds  is  developed. 
Some  loss  or  material,  however,  results  from  this  method. 

The  experience  of  the  Department  of  Agriculture  has  been  that  one 
coat  applied  to  one  side  of  the  canvas  usually  is  sufficient.  With  one 
coat  applied  to  one  side,  using  the  strength  of  solution  as  given  in 
the  formulas,  there  will  be  an  increase  in  weight  of  approximately 
40  to  50  per  cent  when' formula  1  or  2  is  used.  When  formula  3  or  4 
is  used  the  fabric  will  gain  about  75  per  cent  in  weight.  When 
formula  5  is  used  the  gain  in  weight  will  be  around  10  per  cent. 

When  canvas  is  treated  with  linseed-oil  preparations  it  should  be 
allowed  to  dry  thoroughly  (for  two  or  three  weeks)  while  freely 
exposed  to  the  air.  If  folded  and  stored  in  a  warm  place  before 
drying  is  complete  the  accumulated  heat  from  continued  oxidation 
may  result  in  spontaneous  combustion. 
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SORGHUMS  are  for  the  most  part  native  of  Africa,  and 
most  of  the  varieties  now  grown  in  the  United  States 
originated  on  that  continent. 

It  is  estimated  that  in  1918  more  than  5,000,000  acres  of  sor- 
ghum were  grown  for  forage  in  the  United  States.  Most  of 
this  acreage  was  located  in  the  Southeastern  States  and  in  the 
southern  half  of  the  Great  Plains. 

The  principal  varieties  of  the  sweet  sorghums,  considered 
from  a  forage  standpoint,  are  the  Minnesota  Amber,  Red  Amber, 
Orange,  Sumac,  Honey,  and  Gooseneck.  The  grain  sorghums 
most  valuable  for  forage  are  the  BlackhuU,  Red,  Pink,  and 
Dwarf  kafirs. 

There  is  little  diflference  iu'  the  yield  of  sorghum  planted  in 
rows  40  inches  apart  and  that  sown  in  close  drills,  but  the 
cultivated  rows  are  most  dependable  in  seasons  of  low  rainfalL 

Sorghum  which  has  matured,  or  at  least  headed,  not  only 
makes  a  better  quaUty  of  fodder,  but  is  less  dangerous  to 
pasture. 

Sorghum  varieties  hybridize  freely,  and  lack  of  unifopnity 
can  be  prevented  only  by  constant  attention  to  the  purity  of 
the  seed  used.  Each  farmer  should  select  in  the  field  the  seed 
intended  for  his  own  plantings. 

Sorghum  is  most  useful  as  a  hay  crop  in  the  Southern  States 
because  of  its  certainty  of  producing  a  crop  and  on  account  of 
the  failure  of  ordinary  hay  crops,  such  as  timothy  and  alfalfa, 
in  that  section. 

Both  the  sweet  sorghums  and  the  grain  sorghums  are  excel- 
lent silage  crop)s.  Stockmen  in  the  Great  Plains  area  can  avoid 
the  loss  of  thousands  of  cattle  by  feeding  sorghum  sUage  which 
has  been  stored  at  a  small  expense  in  pit  silos. 

The  most  serious  disadvantage  in  thfe  use  of  sorghums  as  a 
pasture  or  soiling  crop  is  the  danger  of  prussic-acid  poisoning, 
for  which  no  effective  remedy  has  been  discovered. 
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IMPORTANCE  OF  THE  SORGHUM  CROP. 

THE  SORGHUMS  are  for  the  most  part  native  of  tropical  Africa. 
Over  1,200  separate  lots  of*  sorghum  seed  have  been  received 
from  foreign  comi tries,  but  the  most  important  single  shipment  is  prob- 
ably that  of  16  varieties  from  Natal,  South  Africa,  in  1857.  At  first, 
most  attention  was  devoted  to  the  growing  of  sorghum  as  a  source 
of  simp  and  sugar.  The  settlement  of  the  prairie  lands  in  the  semi- 
arid  West  created  a  demand  for  drought-resistant  forage  crops,  and 
Kansas  alone  now  harvests  a  larger  acreage  of  sweet  sorghums  for 
forage  than  the  total  acreage  grown  in  the  United  States  for  sirup. 
It  is  estimated  that  at  least  5,000,000  acres  of  sorghum  were  used  for 
fodder  and  silage  in  the  United  States  in  1918. 

This  bulletin  treats  of  the  culture  and  utilization  for  forage  both  of 
the  sweet  sorghums  and  the  grain  sorghums.  Because  of  the  adapta- 
tion of  these  crops  to  climatic  conditions  in  the  southern  Great  Plains, 
it  will  be  most  useful  in  that  section,  but  the  information  will  be  found 
valuable  wherever  sorghimi  is  grown  for  forage. 

AREAS  SUITED  TO  SORGHUM  PRODUCTION. 

The  principal  sorghimi-producing  areas  are  illustrated  on  the  map 
shown  as  figure  1.  In  the  southern  Great  Plains  sorghum  is  the  most 
dependable  crop.  In  western  Texas,  Oklahoma,  and  Kansas  and  in 
eastern  New  Mexico  and  Colorado  it  should  form  the  basis  of  agricul- 
ture in  connection  with  live-stock  production.  In  this  region  sor- 
ghum varieties  properly  chosen  can  be  depended  on  both  for  grain 
and  forage.  Except  at  high  elevations,  sorghum  can,  however,  be 
grown  as  a  secondary  forage  crop  in  all  parts  of  the  United  States  up 
to  within  about  200  miles  of  the  northern  boundary. 
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RELATION  OF  SORGHUM  TO  CLIMATE. 

The  sorghums  do  best  in  the  southern  half  of  the  United  States, 
where  the  temperatures  are  uniformly  high  during  the  growing  sea- 
son. The  most  favorable  temperature  for  their  growth  is  perhaps 
about  90°  F.,  and  they  grow  very  little  when  it  is  below  60°  F.*  These 
temperature  requirements  prevent  soi^hums  from  being  grown  at 
very  high  altitudes.  The  limits  of  successful  production  are  reached 
at  altitudes  of  5,000  to  6,000  feet  in  Wyoming  and  CJolorado,  and  at 
7,000  feet  in  Arizona  and  New  Mexico. 

Sorghum  is  not  so  exacting  in  its  moisture  requirements  as  in  its 
temperature  relations.  Despite  the  fact  that  the  lai^est  sorghum 
area  in  the  United  States  is  in  a  region  of  low  and  uncertain  rainfall, 


38*  35^ 


Fio.  1.— Outline  map  of  the  United  States,  showing  the  principal  forage-sorghum  areas  and  the  varfetlei 
recommended  for  each.  The  principal  grain-sorghum  regions,  besides  the  southern  Great  Plains,  In- 
clude the  Salt  River  and  Yuma  Valleys  in  Arizona  and  the  Imperial,  San  Joaquin,  and  Sacramento 
Valleys  in  California. 

the  crop  thrives  where  the  rainfall  is  heavy.  Sorghum  is  grown 
extensively  in  the  semiarid  plains,  not  because  a  low  rainfall  is  neces- 
sary, but  because  it  is  more  productive  than  other  crops  under  such 
conditions. 

VALUE   OF   SORGHUM   UNDER   DROUGHTY   CONDITIONS. 

The  sorghums  are  of  most  value  in  regions  of  uncertain  rainfall 
because  they  remain  practically  dormant  during  a  period  of  drought 
and  resume  growth  as  soon  as  there  is  sufficient  rain  to  wet  the  soil. 
In  addition,  the  sorghum  plant  has  almost  twice  as  many  secondary 
roots  or  feeders  per  unit  of  primary  root  as  com  and  is  thus  more 

1  Vinall,  U.  N.,  ani  Roed,  H.  R.    The  efTect  of  temperature  and  other  m«t6orok)gieal  tMton  ea  tte 
gro^\'th  of  sorghums.    In  Jour.  Agr.  Research,  v.  13,  no.  2,  p.  133-148,  pi.  11-12.    1918.    Literature  € 
p.  147. 


Digiti 


zed  by  Google 


Growing  and  Utilizing  Sorghums  for  Forage.  5 

efficient  in  absorbing  moisture  from  the  soil.  It  ialso  has  been  found 
that  the  leaf  system  or  transpiration  surface  is  on  the  average  only 
about  half  as  great  as  that  of  com.  Hiis  combination  ot  an  efficient 
absoi  bing  system  with  a  reduced  leaf  area  no  doubt  accounts  in  a  large 
degree  for  the  greater  ability  of  the  sorghums  to  withstand  drought.* 

Carefully  conducted  experiments*  with  com,  milo,  and  kafir 
coTering  a  period  of  six  years  at  Garden  City,  Kans.,  and  at  Amarillo 
and  Dalhart,  Tex.,  show  that  com  was  grown  at  a  loss  both  at 
Grarden  City  and  Amarillo  and  returned  only  a  small  profit  at  Dal- 
hart, even  when  the  stover  or  fodder  was  assigned  a  value  of  $4  per 
ton.  Milo  returned  a  profit  at  all  three  stations,  varying  from  $2.07 
per  acre  at  Garden  City  to  $11.14  at  Dalhart.  Kafir  did  equally  well, 
returning  an  acre  profit  of  $3.78  at  Garden  City,  $8.21  at  Amarillo,  and 
$12.07  at  Dalhart.  The  larger  portion  of  this  value  in  each  case  was  de- 
rived from  the  forage,  as  in  many  instances  no  grain  was  produced. 

The  soi^hums  have  fully  established  their  reliability  under  droughty 
conditions  in  the  southern  Great  Plains  both  for  forage  and  grain. 
TTie  farmer  who  continues  to  grow  corn  and  wheat  as  his  main  crops 
in  this  soi^hum  belt  is  deliberately  inviting  disaster. 

SOIL  RELATIONS. 

Soi^hum  thrives  on  a  variety  of  soils.  Deep,  fertile  sandy  loams 
are  best,  but  fair  crops  can  be  produced  on  heavy  clays  if  they  are 
well  drained.  Land  too  poor  and  thin  to  grow  com  or  wheat  seldom 
produces  a  profitable  crop  of  sorghum.  It  is  not  a  wise  practice  to 
grow  sorghimi  on  poor  or  worn-out  lands.  A  legume,  like  cowpeas 
or  clover,  should  be  substituted  in  the  crop  system  and  the  produc- 
tive power  of  the  soil  restored  by  applications  of  commercial  fertili- 
zers or  barnyard  manure. 

Sorghum  is  more  tolerant  of  alkali  in  the  soil  than  most  crops. 
It  is  claimed  *  that  good  crops  of  fodder  can  be  obtained  on  soils 
where  the  amount  of  alkaU  is  between  0.4  and  0.6  per  cent  and  that 
fair  crops  may  be  expected  on  soils  with  0.6  to  0.8  per  cent  of  white 
alkali,  but  satisfactory  grain  yields  are  not  often  obtained. 

EFFECT  ON  THE  LAND. 

Sorghum  has  the  reputation  of  being  '*hard  on  the  land.''  This 
expression  is  commonly  appMed  by  farmers  to  crops  which  seem  to 
have  an  adverse  effect  on  the  yields  of  succeeding  crops.  The  beUef 
that  com,  oats,  wheat,  and  other  crops  yield  less  on  fields  that  have 
produced  a  crop  of  sorghum  the  previous  year  than  on  fields  where 
the  preceding  crop  was  corn  or  small  grain  is  supported  by  rotation 
experiments  in  Alabama,  Arkansas,  Kansas,  and  Nebraska.     In  these 

s  Miller,  E.  C.  Comparative  study  of  the  root  systems  and  leaf  areas  of  corn  and  t  he  sorghums.  In  Jour. 
Agr.  Research,  v.  6,  no.  9,  p.  311-332,  pi.  3S-44.    1916. 

»  ChUoott,  E.  F.,  Griggs,  W.  D.,  and  Burmebter,  C.  A.  Com,  milo,  and  kafir  in  the  southern  Great 
Plains  area:  Relation  of  cultural  methods  to  production.    U.  S.  Dcpt.  Agr.  Bui.  242, 20  p.    1915. 

«  Kearney,  T.  H.    Choice  of  crops  for  alkali  lands.    U.  S.  Dept.  Agr.,  Farmers'  Bui.  440,  32  p.    1920. 
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four -States' the ^aveFage  grain  yield  of  the  above  crops  after  com  whb 
24.5  bushels  and  after  sorghum  20.7  bushels  per  acre.  This  differ- 
ence of  approximately  15  per  cent  in  the  yield  of  the  crop  foUowing 
sorghimi  is  sometimes^  if  not  always,  balanced  by  the  large  yield  of 
sorghmn.  At  the  Kansas  Agricultural  Experiment  Station  the  3-year 
average  yield  of  com  after  sorghum  was  40.8  bushels,  com  after 
kafir  44  bushels,  and  corn  after  com  54.6  bushels  per  acre.  The  acre 
value  of  the  crops  in  the  2-year  rotation,  however,  was  in  the  first 
case  $31.15;  in  the  second  $34.46,  and  in  the  third  $28.14. 

Several  factors  contribute  to  the  low  yield  of  crops  following  sor- 
ghmn. The  most  important  one  in  the  dry  regions  is  probably  the 
rather  complete  exhaustion  of  soil  moisture  by  the  sorghum.  An- 
other is  the  bad  physical  condition  of  the  soil  resulting  from  the  lack 
of  humus  and  the  diflBculty  of  breaking  up  the  sorghum  stubble. 
Where  sorghum  has  been  grown  in  cultivated  rows  little  vegetable 
matter  is  left  on  the  surface  of  the  soil  to  decay  and  form  humus,  and 
the  roots  hold  on  to  the  soil  so  tenaciously  that  the  stubble  is  difficult 
to  break  up  in  the  fall  and  may  give  some  trouble  the  following  spring. 

Because  of  these  eflFects  on  the  soil,  fall-sown  grain  does  not  usually 
succeed  on  a  sorghum  field.  It  is  best,  therefore,  to  follow  sorghum 
with  a  spring-sown  crop  or  smnmer  fallow. 

USE  OF  FERTILIZERS. 

In  the  Great  Plains,  where  the  larger  part  of  the  sorghmn  acreage 
is  located,  most  of  the  plantings  are  made  on  comparatively  new 
land,  and  but  little  fertilizer  is  used.  The  limiting  factor  in  all  this 
region  is  the  rainfall  and  not  soil  fertility. 

In  the  Southeastern  States  any  complete  fertilizer  which  is  known 
to  be  beneficial  to  corn  imder  local  conditions  may  be  expected  to 
prove  profitable  when  applied  to  sorghum.  Where  forage  is  the 
chief  consideration  it  is  desirable  to  have  the  nitrogen  content  of  the 
fertilizer  rather  high.  In  the  cotton  belt  it  has  been  a  common  prac- 
tice to  apply  200  to  300  pounds  of  cottonseed  meal  per  acre  to  land 
that  is  to  be  planted  to  sorghum. 

CLASSIFICATION  OF  SORGHUM  VARIETIES. 

The  sorghums  may  be  divided  into  four  broad  groups:  (1)  Soi^os, 
or  sweet  sorghums,  (2)  grain  sorghums,  (3)  grass  sorghmns,  and  (4) 
broom  corns.  The  first  group  includes  those  varieties  with  sweet, 
juicy  stems  and  seeds  of  little  value  for  feeding  as  grain  on  account  of 
the  high  tannin  content.  The  second  group  includes  varieties  with 
pithy  or  only  slightly  juicy  stems,  but  producing  grain  comparatively 
free  from  tannin  and  therefore  of  high  feeding  value.  The  third 
group  are  leafy,  fine-stemmed  sorghums,  Uke  Sudan  grass,  useful 
principally  as  hay  plants.  In  the  fourth  group,  also,  the  plants  have 
dry,  pithy  stems,  but  are  characterized  chiefly  by  their  long,  loose 
pfimicles,  or  heads,  which  are  utilized  in  the  manufacture  of  brooms. 
Only  the  first  two  groups  will  be  considered  in  this  publication,  as  the 
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broom  corns  are  unimportant  from  the  standpoint  of  forage  produc- 
tion. The  broom  corns,  the  grass  sorghums,  and  sorghums  for  sirup 
production  are  treated  in  separate  publications.* 

The  sweet  sorghums,  often  called  "  cane''  by  farmers,  are  used  only 
for  forage  and  sirup.  In  this  publication  the  name  sorgo  is  used  to 
denote  the  sweet  sorghums  rather  than  the  word  "cane,"  which 
properly  belongs  to  the  sugar  canes,  an  entirely  different  group  of 
plants,  represented  by  the  botanical  genus  Saccharum.  The  use  of 
the  term'* cane''  for  the  sweet  sorghums  leads  to  confusion,  es- 
pecially in  regions  where  sugar  cane  is  commonly  grown. 


Til.  ?. — A  Aekl  of  Orange  sorgo  at  Hays,  Kans.    This  is  one  of  the  best  varieties  for  silage  in  casUrn 

Kansas. 

An  accurate  estimate  of  the  number  of  sorgo  varieties  is  impossible. 
The  most  important  ones  are  the  Minnesota  or  Black  Amber,  Dakota 
Amber,  Red  Amber,  Orange  (fig.  2),  Sumac,  Honey  (sometimes  called 
"Japanese  cane''),  and  Gooseneck  (known  also  as  "Texas  Seeded 
Ribbon  cane").  The.  following  varieties  are  less  important  or  at 
least  less  widely  grown:  Planter,  Sourless  (also  called  "White 
Orange"),  Sapling,  Cplman,  Denton,  Red  X,  Collier,  Folger  (or  Fol- 
ger's  Elarly),  McLean,  White  African,  and  Dwarf  Ashburn. 


*  Vmall,  II.  N.      Sudan  gras.*..    U.  8.  Dept.  Agr.,  Fanners'  Bui.  1126,  30  p.,  11  fig.    1920. 
Rothgeb,  D.  E.     Dwarf  broom  corns.    U.  8.  Dcpt.  Agr.,  Farmers'  Bui.  7C8, 16  p.,  7  Hg.    191G. 

Standard  broom  com.    U.  8.  Dept.  Agr.,  Farmers'  Bui.  958,  20  p..  7  flg.    1918. 

Brymn,  A.  H.    Sorgbum-sirup manufacture.     U.  8.  Dept.  Agr.,  Farmers'  Bu».  477,  38  p.,  22  fig.    1918. 
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Grain  sorghums  have  been  treated  in  numerous  publications,*  but 
little  information  has  been  published  as  to  their  forage  value.  They 
are  of  most  importance  in  the  southern  Great  Plains  and  the  irrigated 
portions  of  New  Mexico,  Arizona,  .and  California  (see  fig.  1).  In 
some  grain-soi^hum  groups,  kafir  for  example,  more  than  40  per  cent 
of  the  total  acreage  is  harvested  for  fodder.  In  exceptional  years, 
when  drought  or  early  frosts  prevent  its  development  into  a  good 
grain  crop,  the  amount  of  kafir  utilized  as  forage  has  been  estimated 
at  more  than  80  per  cent  of  the  acreage  in  certain  States.  The  per- 
centage of  milo  and  feterita  harvested  as  fodder  is  always  much  less 
than  that  of  kafir,  because  these  crops,  having  drier  stems  and  fewer 
l^ves,  are.  less  jmlatable.  They  can,  however,  be  used  for  silage  if 
occasion  demands  and  are  frequently  fed  as  fodder. 

The  varieties  of  grain  sorghmn  most  valuable  for  forage  purposes 
are  the  Blackhull,  Dwarf,  Pink,  and  Red  kafirs.  Other  varieties 
which  in  some  regions  are  valued  quite  highly  as  grain  crops  but  are 
of  minor  importance  from  a  forage  standpoint  are  the  following: 
Standard,  Dwarf,  and  White  milo  and  feterita.  Still  other  varieties 
of  less  value  are  the  Dwarf  hegari,  shallu,  kaoUang,  and  Freed  sor- 
ghum. Two  new  varieties  which  are  grown  only  to  a  limited  extent, 
chiefly  in  OJ^lahoma,  are  the  Schrock  kafir  and  Darso  sorghimi. 
Neither  of  these  is  likely  to  replace  the  standard  varieties  of  kafir  and 
milo. 

SORGHUM   VARIETIES   RECOMMENDED  FOR   DIFFERENT 

AREAS. 

It  is  fully  as  important  to  minimize  the  effect  of  adverse  climatic 
conditions  by  a  wise  choice  of  crops  as  it  is  to  create  more  favorable 
conditions  by  means  of  irrigation  or  improved  methods  of  cultiire. 
In  no  part  of  the  United  States  is  the  truth  of  this  statement  more 
often  confirmed  than  in  the  semiarid  portion  of  the  Great  Plains, 
where  the  rainfall  is  so  undependable.  The  sweet  sorghums  intro- 
duced from  South  Africa  in  1857  and  the  kafirs  and  milos  introduced 
more  than  20  years  later  are  being  recognized  as  the  crop  basis  of  a 
permanent  system  of  agriculture.  Within  these  groups  are  many 
varieties  differing  in  their  abilities  to  endiu*e  droughts  or  to  respond 
generously  to  abundant  rains.  An  intelligent  selection  of  varieties 
is  the  best  insiu*ance  against  failure,  and  the  most  reliable  varieties 
for  each  part  of  the  sorghum  area  are  indicated  in  the  following 
paragraphs,  which  refer  to  the  map  on  page  4. 

East  of  the  98th  meridian  and  north  of  the  lined  area  shown  on 
the  map  (fig.  1),  timothy  and  clover  are  more  hi^y  prized  than  the 

«Ball,  C.  R.,  and  Rothgeb,  B.  E.  Kafir  as  a  grain  crop.  U.  S.  Dept.  Agr.,  Farmers*  BuL  552,  19  p^ 
8  fig.    1913. 

How  to  use  sorghum  grain.    U.  S.  Dept.  Agr.,  Farmers'  Bui.  972, 18  p.,  7  fig.    1918. 

Rothgeb,  B.E.    Shallu,or  "Egyptian  wheat".    U.  8.  Dept.  Agr., Farmers' Bui. 827, 8 p., 2 fig.    1917. 

Milo,  a  valuable  grain  crop.    U.  S.  Dept.  Agr.,  Farmers'  Bui.  1147, 19  p.,  8  fig.    1920. 

Scott,  G.  A.  The  feeding  of  grain  sorghums  to  live  stock.  V.  S.  Dept.  Agr.,  Fanners'  Bui.  724,  15  p., 
5  fig.     1916. 

Vinall,  H.  N.,  and  Ball,  C.  R.  Feterita,  a  new  variety  of  sorghum.  In  V .  8.  Dept.  Agr.,  Bur.  Plant  IndiB. 
(ire.  122, p.  25-32.    1913. 
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8(»^imi8  for  hay,  and  corn  can  be  depended  upon  for  grain,  fodder, 
Ukd  silage.  Outside  of  the  regions  numbered  and  ^described  below, 
sorghum  is  not  well  adapted  and  is  of  little  importance. 

Region  1. — For  forage:  Japanese  sngar  cane  should  be  grown  in  preference  to  the 
Boig^ums,  because  it  is  more  productive. 

Region  2. — ^For  forage:  Sumac,  Orange,  Honey,  and  Gooseneck  sorgos.  For  grain 
and  forage :  Com  and  oats  are  preferable  to  the  sorghums  except  in  the  lined  portion  of 
figure  1;  there,  Blackhull  kafir  and  Dwarf  hegari  are  mcare  dependable  than  com 
except  on  the  river  bott(Mns. 

Region  S. — For  forage :  Sumac  and  Orange  sorgos.  For  grain  and  forage :  East  of  the 
95th  meridian,  com  and  the  small  grains;  between  the  95th  and  98th  meridians,  Black- 
hull  lot^s-'y  west  of  the  98th  meridian,  Dwarf  kafir,  Sunrise  kafir,  and  Dwarf  milo,  with 
a'smail  acreage  of  feterita  as  insurance  against  droi^jht. 

Region  4- — For  forage :  West  of  the  98th  meridian,  Red  Amber  sorgo;  east  of  the  98th 
meridian.  Orange  soigo.  For  grain  and  forage :  East  of  the  lined  area  (fig.  1),  com  and 
the  small  grains;  that  portion  of  the  lined  area  east  of  the  98th  meridian,  Blackhull 
and  Pink  kafirs  on  the  uplands,  com  on  the  river  bottoms;  west  of  the  98th 
meridian,  Dwarf  kafir,  Pink  kafir,  Dwarf  milo,  and  feterita. 

Region  5. — For  forage:  Red  Amber,  Dakota  Amber,  and  Minnesota  Amber  sorgos. 
For  grain  and  forage:  In  all  except  the  lined  portion  (fig.  1),  com  and  the  small  grains; 
in  the  lined  part,  com,  feterita,  Freed  sorghum,  White  milo,  and  Dwarf  milo. 

Region  6. — For  forage:  Minnesota  Amber,  Red  Amber,  and  Dakota  Amber  sorgos. 
For  grain  and  forage:  Early  \-arietie8  of  com  and  the  small  grains. 

Region  7. — For  forage :  Honey,  Gooseneck,  and  Sumac  sorgos.  For  grain  and  forage : 
Dwarf  milo,  Dwarf  hegari,  and  Blackhull  kafir. 

The  varieties  named  for  the  various  regions  shown  on  the  map 
(fig.  1)  are  recommended  on  the  basis  of  the  normal  seeding  date. 
When  it  becomes  necessary  for  any  reason  to  seed  after  the  most 
favorable  date,  then  it  is  often  desirable  to  use  an  earlier  matming 
VMiety.  For  late  seeding  in  region  2  the  Orange  is  preferable  to  the 
Sumac,  Honey,  or  Gooseneck;  in  region  3  the  Red  Amber  and  Orange 
should  be  used  in  place  of  the  Simaac;  and  in  regions  .4  and  5  the 
Freed  sorghum  and  Minnesota  Amber  sorgo  often  make  a  better  crop 
than  the  Red  Amber  or  Orange  when  planted  late  in  the  season. 
Freed  sorghum  is  particularly  suited  to  such  uses  and  can  be  used  in 
^lis  way  over  the  entire  grain-sorghum  area  to  better  advantage 
thftn  as  a  regular-season  crop. 

The  sweet  sorghimis  produce  a  higher  yield  of  forage  than  the 
grain  sorghums,  and  the  earlier  varieties  also  produce  good  yields 
of  seed.  This  seed  is  of  Uttle  value  as  grain,  however,  on  account 
of  the  tannin  which  it  contains.  Many  farmers  in  the  Great  Plains 
prefer  a  sorghum  which  can  be  utilized  as  a  grain  crop  in  seasons 
of  favorable  rainfall  and  yet  be  utilized  for  forage  if  it  does  not 
promise  a  profitable  grain  yield.  Grain  sorghums  are  therefore 
included  in  the  varieties  reconmiended  for  the  different  regions. 
For  forage  alone  the  sorgos  are  preferable  to  the  grain  sorghums, 
but  in  many  instances  the  forage  is  a  secondary  consideration  to  the 
grain,  which  can  be  fed  on  the  farm  or  marketed  for  cash. 
186577^—20 2 
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DATE  AND  METHOD  OF  SEEDING  SORGHUMS. 

In  the  southern  part  of  the  sorghum  region,  where  there  is  danger 
of  injury  to  the  grain  by  the  sorghiun  midge,  the  crop  should  be 
seeded  as  early  as  climatic  and  soil  conditions  permit — usually  early 
in  March.  If  forage  only  is  desired,  however,  seeding  may  be  done 
at  any  favorable  time  up  to  July  15.  Farther  north  the  seeding 
should  be  delayed  imtil  May.  In  the  latitude  of  Oklahoma  and 
Kansas  May  15  to  Jime  1,  on  the  average,  is  the  best  period  for 
seeding.  A  safe  rule  in  all  localities  except  where  the  sorghum 
midge  is  troublesome  is  to  seed  about  two  weeks  after  corn-planting 
time.  All  sorghums  are  sensitive  to  cold  soib  and  grow  slowly  until 
the  soil  becomes  thoroughly  warm.  No  advantage  is  gained,  there- 
fore, by  seeding  in  a  cold  soil. 

Perhaps  85  per  cent  of  the  sorghiun  acreage  is  planted  in  rows 
sufficiently  far  apart  to  permit  cultivation  with  an  ordinary  corn 
cultivator.  When  the  sorgos  are  grown  exclusively  for  forage 
purposes  other  than  silage  many  farmers  prefer  to  sow  them  broad- 
cast or  drill  them  vdth  a  grain  drill  (fig.  3).  This  is  a  good  practice, 
except  in  regions  subject  to  drought  or  when  in  the  growing  of 
sorghums  grain  production  is  a  feature  to  be  considered.  In  such 
cases  planting  in  rows  is  preferable.  In  general,  there  is  very  little 
difference  in  yield  between  the  fields  that  are  sown  or  drilled  and 
those  planted  in  widely  spaced  rows.  The  average  yield  of  Red 
Amber  and  Sumac  sorgos  in  tons  per  acre  for  a  series  of  years  at 
the  Department  field  stations  on  the  Great  Plains  is  shown  in  Table  I. 

Table  I. — Average  yields  of  leading  varieties  of  sorgo  at  field  stations  of  the  United 
States  Department  of  Agriculture  on  the  Great  Pknns  in  recent  years. 


Series  of  years. 

Location. 

Yield  per  acre  (tons). 

Rows. 

DriDed. 

1914  to  1918 

Hays,  Kans.o 

3.15 
4.51 
4.93 

3.82 

1914  to  1917 

Aznai^k),  Tex. 

3.36 

1914  to  1917 

ChUUcothe,Tex>'.. '..!.; '.'.'./. 

4  50 

Average 

4.20 

3.83 

a  All  experiments  at  Havs,  Kans.,  were  conducted  under  a  cooperative  agreement  with  the  Kansas 
Agricultural  Experiment  Station. 

0  All  experiments  at  Chillicothe,  Tex.,  were  conducted  under  a  cooperative  agreement  with  the  Texas 
Agricultural  Experiment  Station. 

For  planting  in  rows  two  general  methods  aiC  followed — surface 
planting  and  listing,  or  planting  in  furrows.  The  first  method  is  best 
suited  to  regions  of  moderate  rainfall  and  the  latter  to  dry  sections. 

Usually  in  surface  planting  sorghimis  the  ground  must  be  prepared 
by  plowing  and  harrowing,  after  the  practice  followed  in  preparing 
ground  for  the  seeding  of  a  small  grain  crop  (fig.  4).  If,  however, 
the  soil  is  left  clean  and  mellow  by  the  preceding  crop,  it  may  be 
possible  to  prepare  it  by  disking. 

The  ordinary  corn  planter,  if  provided  vnth  sorghiun  plates,  will 
plant  the  seed  satisfactorily.  In  order  to  distribute  the  seed  evenly 
and  prevent  the  plates  from  stopping  up,  the  holes  should  be  firom 
three-sixteenths  to  one-fourth  of  an  inch  in  diameter  and  reamed 
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oat  on  the  lower  side.  The  number  of  holes  in  the  plate  can  be 
Tiried from  12  to  24  in  order  to  give  the  desired  stand;  or  the  niunber 
of  seeds  dropped  may  be  regulated  by  changing  the  speed  witb  which 
the  plate  revolves  (fig.  5).  Very  little  sorghum  is  checkrowed,  as  it 
has  been  found  better  to  distribute  the  seed  evenly  in  the  row  rather 
than  drop  it  in  hills. 

When  using  a  lister,  sorghimi  may  be  successfully  planted  on  clean 
land  without  much,  if  any,  previous  preparation.  Ordinarily,  how- 
eyer,  it  pays  at  least  to  disk  in  the  spring  before  listing.  Experiments 
at  Hays,  Eans.,  have  shown  that  it  is  profitable  to  fall  list  land, 


•    .  1— Red  Amber  sorgo  drilled  for  hay.    The  plat  on  the  left  \\-as  sown  at  the  rate  of  15  pounds;  thui  on 
the  right,  at  75  pounds  to  the  acre. 

level  the  ridges  when  weeds  start  in  early  spring,  and  then  list  again 
at  planting  time.''  Fall  listing  should  be  done  at  right  angles  to 
the  prevailing  winter  and  spring  wnds  in  order  to  catch  snow  and 
prevent  the  soil  from  drifting.  The  illustration  on  the  title-page 
shows  a  field  of  Red  Amber  sorgo  in  shock  in  December,  part  of  the 
field  having  been  blank  listed  in  preparation  for  the  next  season's  crop. 
Plates  similar  to  those  used  in  the  surface  planter  are  required  for 
the  lister.  Sorghum  planted  with  a  lister  usually  starts  growth  more 
slowly  in  the  spring,  because  the  soil  does  not  warm  up  so  quickly  at 
the  bottom  of  the  furrow.  The  roots  are  deeper  in  the  soil,  however, 
and  a  light  rainfall,  by  collecting  at  the  bottom  of  the  furrow, 
hecomes  directly  available  to  the  small  plants.     Listed  sorghum, 


_  am,  C.  C,  and  Kennejr,  Ralph.'  Growing  sorgfaum  1b  Kansas.    Kans.  Agr.  Exp.  Sta.  Dul. 
2W,Pp»-36.    1917. 
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though  making  a  poor  appearance  in  the  early  part  of  the  seasei^, 
is  often  more  productive  in  the  end  than  surf ace-plai^d  sorghusr. 
Another  advantage  of  the  listed  sorghum  lies  in  the  greater  ease  of 
keeping  the  weeds  out  of  the  row.  The  lister  throws  most  of  the 
weed  seed  out  of  the  furrow,  and  by  prop^  cultivation  in  the  spring 
the  weeds  between  the  rows  can  be  effectually  destroyed  in  two 
cidtivations.  In  surface-planted  fields  it  is  very  difficult  to  remove 
the  weeds  in  the  rows  without  injuring  the  young  sorghum  plants, 
and  four  cultivations  are  often  required  to  keep  the  crop  clean.  The 
western  farmer  who  handles  a  large  acreage  is  anxious  to  reduce  the 


Fio.  4.— A  field  proi)erly  prepared  for  surface  planting  the  sorghums. 

labor  required,  and  this  fact  has  induced  many  to  use  the  lister  in 
preference  to  the  com  planter  (fig.  6). 

An  attachment  to  an  ordinary  com  planter  which  has  been  found 
especially  useful  in  planting  sorghum  is  the  furrow  opener.  Two  disks 
set  just  in  front  of  the  planter  shoe  open  a  shallow  furrow,  allowing 
the  seed  to  be  dropped  in  moist  soil  (fig.  7).  This  method  of  planting 
combines  some  of  the  advantages  of  listing  by  placing  the  seeds  where 
they  receive  the  full  benefit  of  slight  rains  and  in  addition  profit  by 
the  early  warming  of  the  soil  in  the  spring.  The  prompt  germination 
of  the  seed  and  the  vigorous  early  growth  of  the  plants  are  obt-ained 
by  this  method,  which  is  gaining  in  favor  vdth.  farmers  in  the  eastern 
part  of  the  district,  where  the  lister  has  been  so  generally  used. 
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The  preparation  of  land  for  the  seeding  of  sorghum  broadcast  or 
with  a  grain  drill  is  practically  the  same  as  for  surface  planting  in 
rows.  The  land  should  be  harrowed  thoroughly  after  plowing.  If 
the  plowing  has  been  done  early  in  the  spring  it  is  best  to  disk  the  land 
before  seeding,  to  destroy  the  weeds  which  have  started.  This  is 
highly  important,  because  if  the  weeds  are  not  destroyed  they  develop 
with  the  crop  of  sorghum  and  not  only  interfere  with  its  growth  but 
lower  the  quality  of  the  hay  obtained.  Most  farmers  plow  the  land 
just  before  seeding  in  order  to  avoid  this  extra  w^orking  of  the  soil. 

The  great  advantages  in  drilled  or  broadcasted  seedings  over  culti- 
vated-row plantings  fie  in  the  fact  that  no  cultivation  is  needed  after 
seeding  and  that  the  hay  produced  is  of  finer  quality;  that  is,  finer 
stemmed.     The  greatest  drawback  to  such  seedings  is  the  failure  of 


ffOr  5.^Plates  u^ed  for  planting  sorghum  and  com.    On  the  left,  a  plate  designed  for  planting  kaflr;  on 
the  right,  one  intended  fbr  dent  com. 

the  sorghum  to  mature  in  seasons  of  low  rainfall.  Sorghum  which 
has  not  headed  has  not  the  feeding  value  of  the  fully  matured  plants. 
The  crop  is  much  more  hkely  to  head  in  cultivated  rows  than  in 
drilled  or  broadcasted  seedings. 

RATE  OF  SEEDING  SORGHUMS. 
PLANTING  IN  CULTIVATED  ROWS. 

The  rate  of  planting  of  sorghums  in  rows  is  of  more  importance 
from  a  grain  than  from  a  forage  standpoint.  Most  of  the  sorghum 
varieties  stool,  or  tiUer,  freely.  When  soil  moisture  is  abundant  and 
the  stand  is  thin,  each  plant  produces  a  large  number  of  tillers,  while 
if  moisture  is  deficient  the  plant  tillers  less.  This  habit  tends  to 
equalize  in  a  measure  differences  in  the  initial  stand. 

A  large  number  of  carefully  conducted  tests  at  agricultural  experi- 
ment stations  in  the  Great  Plains  have  indicated  that  a  slightly  larger 
forage  yield  is  obtained  from  fields  where  the  distance  betw' een  plants 
in  the  row  is  only  2  to  4  inches  than  from  fields  where  the  spaces 
between  plants  are  greater.     If  every  seed  placed  in  the  soil  grew, 
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1  pound  of  seed  of  the  Sumac  variety  or  1 J  pounds  of  Amber  sorghum 
to  the  acre  would  be  sufficient  to  provide  one  plant  for  every  4  inches 
in  rows  40  inches  apart,  but  it  has  been  found  by  experience  that  it  is 
necessary  for  farmers  to  sow  at  least  3  to  4  pounds  of  seed  to  insure 
such  a  stand.  In  the  drier  parts  of  the  sorghum  region  it  is  rarely, 
if  ever,  desirable  to  seed  more  than  4  pounds  to  the  acre,  and  many 
prefer  less.  Farther  east,  where  the  rainfall  is  between  35  and  40 
inches,  it  has  been  found  preferable  when  growing  the  crop  for 
fodder  or  silage  to  sow  as  much  as  8  to  12  poimds  per  acre. 

The  average  yield  per  acre  of  air-dry  Red  Amber  fodder  during  a 
period  of  five  years  at  Hays,  Kans.,  when  the  plants  were  2  inches 
apart  in  the  rows,  was  3.15  tons;  4  inches,  2.77  tons;  6  inches,  2.79 
tons;  8  inches,  2.61  tons;  12  inches,  2.54  tons.  At  AmariUo,  Tex., 
the  average  yield  per  acre  of  Sumac  fodder  during  a  period  of  four 


Fig.  e.—PIantlng  kafir  with  a  2-row  lister  at  the  Fort  Hays  experiment  station. 

years  was  for  plants  2  inches  apart,  4.51  tons;  4  inches,  4.32  tons; 
6  inches,  4.21  tons;  8  inches,  4.16  tons.  With  the  grain  sorghums  no 
thicker  rate  than  a  4-inch  row  space  was  tested.  The  general  results, 
however,  were  the  same  as  for  the  sweet  sorghums.  At  Hays,  Kans., 
the  average  yield  per  acre  of  feterita  fodder  during  a  period  of  four 
years  was,  for  plants  4  inches  apart,  2.59  tons;  8  inches,  2.43  tons; 
12  inches,  2.33  tons;  16  inches,  2.17  tons;  24  inches,  1.86  tons.  At 
Amarillo,  Tex.,  the  average  yield  per  acre  of  Blackhull  kafir  fodder 
during  a  period  of  four  years  was  for  plants  4  to  6  inches  apart,  3.08 
tons;  8  to  10  inches,  2.75  tons;  12  to  16  inches,  2.51  tons.  Tlie  fodder 
yields  of  Dwarf  milo  and  feterita  at  Amarillo,  Tex.,  for  the  same 
period  varied  in  exactly  the  same  way  astire^j^iekki-^f  BlattkhuIU&afir. 
At  Chillicothe,  Tex.,  the  average  yield  per  acre  of  Blackhull  kafir 

Digitized  by  VJ*^^^Vl\^ 


Growing  and  Utilizing  Sorghums  for  Forage.  15 

fodder  during  a  period  of  10  years  was  for  plants  4  inches  apart, 
2.85  tons;  8  inches,  2.63  tons;  12  inches,  2.59  tons;  16  inches,  2.22  tons. 
At  all  the  experiment  stations  the  highest  fodder  yield  of  both  the 
sweet  sorghums  and  grain  sorghums  was  obtained  from  the  thickest 
stand.  The  grain  yield,  however,  was  highest  from  the  8-inch  spacing 
in  most  cases.  Kotwithstanding  the  higher  yield  of  fodder  from  the 
thick  rates,  the  fodder  value  was  greatest  in  the  intermediate  rates. 
This  was  due  to  the  more  normal  maturity  of  the  plants  and  the 
greater  proportion  of  grain  in  the  thinner  stands.  On  the  basi^  of 
these  results  a  4-inch  spacing  is  recommended  for  sweet  sorghmns 
and  an  8-inch  spacing  for  grain  sorghums  on  the  Great  Plains. 


Fto.  7.— A  field  planted  with  a  com  planter  provided  with  a  furrow-opening  attachment.    (Courtesy  of 
the  Kansas  Agricultural  Experiment  Station.) 

DRILLING  OR  BROADCASTING. 
It  has  been  the  general  practice  among  farmers  to  sow  from  45  to  60 
poimds  of  soigo  seed  to  the  acre  in  drilled  or  broadcasted  seedings. 
A  5-year  test  at  one  field  station  in  Kansas  and  two  in  Texas  have 
developed  the  fact  that  very  httle  difference  in  yield  is  obtained 
whether  one  uses  16  pounds  or  higher  rates  up  to  75  pounds  of  seed 
to  the  acre  (see  fig.  3).  The  15-pound  rate,  however,  gives  a  coarser 
growth,  which  is  more  likely  to  be  infested  with  weeds,  especially  if 
the  seed-bed  conditions  are  not  first  class  or  the  weather  is  not  f avor- 
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able  for  good  germination  of  the  seed  and  a  vigorous  eariy  growth 
of  the  plants.  It  is  recommended,  therefore,  on  this  basis  west  of 
the  one  hundredth  meridian  in  the  Great  Plains  to  sow  30  pounds, 
between  the  ninety-eighth  and  one  hundredth  meridians  45  pounds, 
and  east  of  the  ninety-eighth  meridian  60  to  75  pounds  of  seed  to 
the  acre. 

CULTIVATION  OF  SORGHUMS. 

The  early  growth  of  sorghum  is  slow,  and  the  young  plants  there- 
fore require  care  to  prevent  their  being  overcome  by  weeds.  The 
first  cultivation  can  be  accomplished  with  an  ordinary  drag  harrow, 
or,  if  the  field  is  listen!,  with  a  disk  weeder.  Where  the  field  has  been 
plowed  late  in  the  spring  and  then  surface  planted,  one  cultivation 
with  a  drag  harrow  soon  after  the  sorghum  has  emerged,  to  be  fol- 
lowed by  later  cultivations  with  an  ordinary  shovel  cultivator,  is 
most  efficient.  Sorghum  when  surface  planted  grows  faster  than 
when  planted  with  a  lister,  so  that  there  is  less  inmiediate  danger  of 
weeds  getting  ahead  of  the  crop. 

In  listed  plantings,  after  the  harrow  has  been  utilized  for  the  first 
cultivation,  a  cultivator  with  knives  on  each  side  designed  to  cut 
under  the  weeds  is  especially  efficient  in  killing  those  on  the  edge  of 
the  furrow.  A  homemade  cultivator  of  this,  sort,  often  called  by  the 
western  farmer  a  *'go-devil,''  is  made  by  attaching  heavy  steel  blades 
30  to  40  inches  long  to  a  narrow  sled,  the  nmners  of  which  are  2  by  10 
planks  at  least  5  feet  long  and  only  8  to  10  inches  apart.  To  each 
side  of  the  sled  is  bolted  one  of  these  blades,  so  that  it  extends  back- 
ward at  an  angle  of  about  45°.  These  blades  should  be  4  or  5  inches 
wide  and  sharpened  along  the  entire  front  edge.  Attached  in  directly 
opposite  positions,  'they  have  a  spread  of  approximately  4  feet 
6  inches.  When  the  sled  is  running  in  the  fiurow  the  k^iives  cut 
through  the  ridges  on  each  side  a  little  beyond  the  center,  thus 
entirdy  freeing  these  spaces  of  weeds.  If  the  knives  are  set  at  the 
proper  angle  they  will  maintain  a  fairly  constant  depth  and  free 
themselves  of  roots  and  trash,  with  the  operator  riding  on  the  sled. 
When  well  made  this  sled  cultivator  is  very  efficient. 

Manufactured  knife  cultivators  are  on  the  market,  as  well  as  disk 
cultivators  designed  especially  for  listed  crops.  (Figs.  8  and  9.) 
Some  of  these  handle  two  rows  at  a  time  and  are  reasonably  efficient, 
but  none  of  the  trade  cultivators  is  more  effective  in  killing  weeds 
than  a  good  homemade  sled  cultivator.  After  the  sorghum  is  10  or  1 2 
inches  high  a  shovel  cultivator  can  be  used.  Late  cultivations  should 
be  shallow,  in  order  to  avoid  breaking  the  feeding  roots. 

THE  TIME  TO  HARVEST  SORGHUMS. 

Sorghum  should  be  fairly  mature  before  being  cut  for  forage. 
There  are  several  reasons  for  this:  The  largest  tonnage  of  dry  matter 
is  obtained  from  mature  sorghums,  the  feed  is  more  palatable,  the 
danger  from  prussic-acid  i)oisoning  is  less,  the  fodder  does  not  sour 
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in  the  shock  so  easily,  there  is  a  smaller  shrinkage  in  weight  during 
the  curing,  and  the  silage  made  from  mature  sorghum  contains  less 
acid  and  does  not  spoil  when  properly  ensiled. 

The  best  time  to  cut  sorghum  for  fodder  is  when  the  seeds  have 
reached  the  hard-dough  stage.  Cut  at  this  time,  the  sap  in  the  stem 
is  sufficient  to  complete  the  development  of  the  seed  after  the  fodder 
is  shocked.  DriUed  or  broadcasted  sorghum  should  also  be  allowed 
to  form  seed  before  it  is  harvested,  unless  dry  weather  interferes  with 
its  full  development  and  threatens  to  ruin  the  crop.  Experiments  in 
which  cuttings  were  made  at  different  stages  of  maturity  show  not 
only  that  the  largest  quantity  of  cured  forage  is  obtained  when  Xhe 
crop  is  harvested  after  the  seeds  are  well  formed,  but  also  the  highest 
acre  yield  of  protein,  carbohydrates,  and  fat. 


no.  8.-— A  knife  cultivator  now  on  the  market  which  Is  constructed  on  the  same  principle  as  the  ho  :ie- 
made  sled  cultivator  except  that  it  cleans  two  rows  at  one  trip. 

METHODS   OF  HARVESTING   THE   SORGHUMS  FOR  FOD- 
DER, SttAGE,  AND  HAY. 

When  labor  was  cheap  the  almost  universal  method  of  harvesting 
sorghum  grown  in  rows  was  to  cut  the  standing  plants  near  the  ground 
with  com  knives  and  place  them  in  shocks  to  cure.  If  the  grain  only 
was  desired,  the  heads  were  cut  and  thrown  directly  into  a  wagon 
box.  This  method  is  widely  used  to-day  by  farmers  who  grow  only 
a  small  acreage  of  sorghum  or  who  are  not  supplied  with  labor-saving 
farm  machinery. 

The  increasing  cost  of  farm  labor  has  made  it  necessary  to  sub- 
stitute machines  for  laborers  wherever  practicable.  The  most 
efficient  machine  for  harvesting  sorghum  as  fodder  is  a  row  binder 
(fig.  10),  with  which  a  fanner  assisted  by  one  man  to  set  up  the  bundles 
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in  shocks  can  take  care  of  a  considerable  acreage  of  sorghum.  When 
once  carefully  shocked,  soi^hum  keeps  in  good  condition  until  late  in 
the  winter  and  can  be  hauled  to  the  barnyard  to  be  fed  or  stacked 
whenever  other  work  is  not  pressing.  (See  the  illustration  on  the 
title-page.) 

When  the  crop  is  intended  for  silage  a  row  binder  should  be  used. 
The  biindles  tied  securely  are  much  easier  to  haul  to  the  silo  than 
loose  stalks  cut  with  a  com  knife. 

Broadcasted  or  drilled  sorgo  is  usually  harvested  as  a  hay  crop 
with  a  mower  and  rake.  In  dry  climates  farmers  often  harvest 
"sowed  cane*'  with  a  binder,  but  unless  very  dry  weather  prevails 


Fig.  9.— a  combined  disk  and  shovel  2-row  cultivator  that  is  much  used  in  the  West  for  culUvaiing  listed 

sorghum  and  com. 

it  may  spoil  in  the  bundle.  Care  must  be  observed  in  curing  sorgo 
when  it  has  been  cut  with  a  mower,  as  the  stems  are  very  juicy,  and 
it  takes  a  long  time  to  cure  sufficiently  to  be  ready  for  the  stack. 
It  is  best  to  allow  the  crop  to  lie  in  the  swath  for  a  day  or  two,  then 
rake  into  windrows  and  leave  at  least  four  days,  or  longer  if  the 
weather  is  not  favorable  for  curing.  As  soon  as  the  leaves  are  fairly 
dry  the  hay  may  be  placed  in  cocks  to  complete  the  curing  process. 

THE  PRODUCTION  AND  VALUE  OF  GOOD  SORGHUM  SEED, 

For  his  own  seeding  the  farmer  should  use  heads  selected  in  the 
field  before  frost.  This  seed,  even  though  slightly  immature,  will 
germinate  well  if  the  heads  are  thoroughly  ciired  by  hanging  them 
upon  wires  in  the  barn  loft  or  granary.  The  practice  of  curing  ears 
of  seed  corn  in  this  way  is  common  among  corn  growers  and.  has 
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resulted  in  a  decided  improvement  in  the  crop.  All  sorghums  cross- 
pollinate  freely  in  the  field.  The  sweet  sorghums  are  more  often 
mixed  as  to  variety  than  the  grain  sorghums,  because  the  seed  crop 
is  secondary  in  importance  to  the  fodder.  A  special  effort  is  therefore 
necessary  to  produce  pure  seed.  Where  a  field  is  intended  for  seed 
production  it  should  be  rogued  carefully;  otherwise  the  presence  of 
stray  plants  of  other  varieties  will  result  in  aidless  hybridization. 
This  inteimixing  of  varieties  resulta  in  a  lack  of  uniformity  in  ripening 
as  well  as  in  the  size  of  the  plants,  thus  causing  difficulty  in  harvesting 
and  loss  in  marketing  the  crop. 

Sweetr-sorghum,  or  *  'cane,"  seed  is  harvested  in  the  same  way  as 
the  seed  of  grain  sorghums.  The  most  economical  method  is  to  use 
a  grain  header,  but  much  of  it  is  still  gathered  by  hand  from  standing 


Fig.  10.— Tutting  Red  Amber  sorgo  with  a  row  binder.    This  shows  the  best  way  of  harvesting  row  sor- 
ghums for  fodder  and  silage. 

stalks  in  the  field  or  after  the  crop  has  been  cut  with  a  row  binder  and 
shocked.  (Fig.  11.)  Considerable  extra  money  may  be  realized  by 
farmers  in  the  soighum  belt  if  they  will  save  the  seed  from  their  sor- 
ghum fodder.  This  is  particularly  true  when  standard  sorgo  varieties, 
such  as  Black  Amber,  Red  Amber,  Orange,  Honey,  and  Gooseneck, 
are  grown. 

Large  quantities  of  the  harvested  heads  thrown  together  in  a  crib  or 
bin  are  likely  to  heat  and  lose  their  germinating  power.  In  dry  climates 
they  may  be  piled  in  narrow  ricks  in  the  open,  but  it  is  better  to  place 
these  ricks  under  cover.  Seed  intended  for  feeding  purposes  is  not 
injured  much  by  a  little  moisture,  but  wet  seed  and  immature  seed  are 
rendered  almost  worthless  for  planting  if  freezing  temperatures  occur. 
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Neighbors  xnay  work  together  very  eflfectively  in  thrashing  soi^hiun 
seed,  the  heads  being  hauled  to  some  designated  central  point.  An 
ordinary  grain  separator  can  be  used  effectively  for  thrashing  if  prop- 
erly adjusted.  To  avoid  cracking  the  seed  it  is  best  to  rexnove  all 
but  two  or  three  rows  of  concave  teeth  and  reduce  the  speed  of  the 
cylinder  to  about  two-thirdg  that  used  in  thrashing  wheat.  The 
distance  between  the  cylinder  and  the  concaves  should  be  increased 
when  thrashing  soft-grained  sorghuxns,  like  feterita,  and  lessened  for 
the  sweet  sorghujns,  which  are  harder  to  thrash. 

THE  VALUE  OF  SORGHUM-LEGUME  MIXTURES. 

The  practice  of  seeding  mixtures  of  sorghum  and  cowpeas  or  of 
soi^hum  and  some  other  legume,  such  as  soy  beans  or  velvet  beans, 

when  forage  alone  is 
desired,  is  commend- 
able in  theory,  but  in 
actual  practice  it  has 
not  been  a  complete 
success.  On  the 
Great  Plains,  where 
the  rainfall  is  de- 
ficient, the  sorghums 
make  a  more  \agorou3 
growth  than  cowpeas 
or    soy    beans     and 

FiQ.  11.— A  contrivance  for  cutting  the  heads  from  bundles  of  sorghura:  ^ 

A ,  Plank  2  by  8  inches  by  10  feet  long  which  can  be  bolted  to  the  side  the  legUmCS.      Ill  the 

cf  a  header  box  or  wa;;on  box;  B,  a  stout  knife  24  to  2S  inches  long  Vihtyii/I     -rAfrirkna     cii#*Vi 

hinged  on  the  bolt  O;  Cand  D,  angle  irons  fastened  to  the  top  of  the  nunUQ     regions    SUCn 

plank  halfan  inch  apart.     C  is  fastened  with  lag  screws  and  D  with  mixtures      are      in nr A 
bolts  £and  G,  passing  through  the  plank  and  with  the  brace  F.  ^    , 

successfully  grown, 
but  the  difficulty  of  harvesting  the  mixed  crop  prevents  its  extensive 
use.  The  glowing  of  any  mixture  of  this  kind  should  be  attempted 
only  in  localities  where  both  the  sorghum  and  legume  are  weU 
adapted  to  climatic  and  soil  conditions. 

THE  UTILIZATION  OF  FORAGE  SORGHUMS. 
USE  AS  A  HAY  CROP. 

In  the  United  States  south  of  latitude  37°  and  east  of  longitude 
105°  sorghum  hay  is  quite  widely  used  on  the  farms  to  feed  work 
mules  and,  to  a  lesser  extent,  other  farm  animals.  Though  some- 
what laxative,  it  is  nutritious,  and  work  animals  maintain  their  vigor 
when  fed  on  it  even  though  their  grain  ration  is  light. 

When  grown  for  hay,  sorghum  is  usually  broadcasted  or  drilled. 
In  the  region  just  mentioned  it  is  often  sown  as  a  catch  crop,  occupying 
land  which  otherwise  would  lie  idle.     A  small  part  of  the  hay  is 
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marketed  loose  near  by,  but  sorghum  is  not  especially  desirable  as  a 
market  hay,  because  it  is  rather  coarse  and  difficult  to  cure  sufficiently 
weD  to  stand  baling.  Soighiun  is  extremely  valuable  in  the  Southern 
States,  however,  on  account  of  the  certainty  of  producing  a  crop. 
No  other  hay  grasses  have  been  foimd  equal  to  it  in  this  respect 
except  Johnson  grass  and  Sudan  grass.  Both  of  these  make  smaller 
yidds,  and  Johnson  grass  becomes  a  weed  on  fertile  soils. 

USB  AS  FODDER. 

A  lai^e  percentage  of  the  sorghum  used  for  forage  purposes  is  cut 
and  fed  as  fodder;  that  is,  the  whole  plant  with  the  head  or  grain 
attached  is  cured  and  fed  without  removing  the  grain.  Nearly  all 
the  sweet  sorghum  grown  in  cultivated  rows  and  about  40  per  cent 
of  the  grain-soighum  acreage  are  handled  in  this  way.  The  sweet 
sorghums  produce  on  the  average  about  1  ton  per  acre  more  fodder 
than  the  grain  sorghums,  and  live  stock  of  all  kinds  eat  the  stems 
more  readily  on  account  of  their  sweetness. 

A  long  period  for  curing  in  the  shock  is  necessary  to  the  production 
of  good  sorghum  fodder.  In  regions  where  the  rainfall  is  light  little 
injury  is  sustained  by  the  fodder  in  standing  out  through  the  winter, 
and  most  of  it  is  fed  from  the  shock  instead  of  being  stacked.  Some 
difficulty  is  experienced  in  certain  sections  with  sorghum  souring  in 
the  shock.  This  trouble  usually  arises  from  cutting  the  sorghum 
while  it  is  immature. 

Well-cured  fully  matured  sorghum  fodder  will  maintain  live  stock 
in  good  condition  through  the  winter  with  little  or  no  supplementary 
grain  ration.  Chemical  analyses  indicate  that  the  food  value  of 
soighum  fodder  is  practically  the  same  as  that  of  com  fodder,  and 
it  is  much  more  palatable;  hence  can  be  fed  with  less  waste.  The 
high  value  of  kafir  fodder  in  wintering  cattle  and  work  animals  has 
been  fully  demonstrated  by  feeding  tests  at  the  Fort  Hays  experi- 
ment station,  Hajrs,  Kans. 

The  feeding  of  shredded  sorghum  fodder,  mixed  with  com  chop, 
*bran,  cottonseed  meal,  or  other  concentrates^  has  given  good  results 
with  dairy  cows,  and  during  the  heavy  feeding  periods  with  beef 
cattle.  Shredding  the  fodder  before  feeding  decreases  the  waste, 
but  unless  the  feeding  operations  are  conducted  on  a  large  scale  and 
the  equipment  includes  a  powerful  engine,  the  practice  of  shredding 
fodder  is  not  often  profitable. 

USE  AS  A  SOILING  CROP. 

Soighum  can  be  used  as  a  soiling  crop  provided  care  is  observed  to 
avoid  bloating  and  prussic-acid  poisoning.  The  crop  becomes 
available  during  the  period  of  summer  drought  when  pasture  and 
other  feeds  are  scarce.  It  can  be  cut  from  the  time  it  is  2  to  3  feet 
high  untU  it  ripens,  but  the  early  cuttings  have  inferior  feeding  value 
and  are  more  likely  to  contain  dangerous  quantities  of  prussic  acid. 
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Unless  feed  is  badly  needed,  therefore,  it  is  best  to  delay  cutting  until 
the  plants  have  headed. 

Successive  seedings  must  be  made  or  several  varieties  of  different 
degrees  of  earliness  used,  in  order  to  extend  the  soiling  season  over  a 
considerable  period.  A  second  growth  starts  promptly  from  the 
stubble,  especially  when  the  plants  have  been  cut  beifore  maturity. 
The  yield  of  soilage  from  soighums  is  larger  than  from  almost  any 
other  crop.  Yields  of  12  to  15  tons  per  acre  may  be  expected  on 
fairly  fertile  soils.  (Fig.  12.)  The  crop  can  be  grown  for  soiling  pur- 
poses either  in  cultivated  rows  or  in  close  drills.  Harvesting  is  a  ciom- 
paratively  simple  matter,  the  drilled  sorghmn  being  handled  with  a 
mower  and  rake  and  that  in  rows  with  a  row  binder  or  com  knife. 


Fig.  12.— Red  Amber  sorKO  and  BlackhuU  kaflr  grown  for  silage  at  the  Fort  Hays  experiment  station. 
Hays,  Kans.  BlackhuII  kaflr  on  the  left,  Red  Amber  sorgo  on  the  right.  Planted  June  1 ;  photographed 
September  6.    Yields  per  acre:  BlackhuII  kaflr,  15.73  tons;  Red  Amber  sorgo,  17.83  tons. 

USE  AS  SILAGE. 

Until  recent  years  sorghum  was  not  valued  highly  as  a  silage  crop. 
This  was  largely  because  farmers  did  not  understand  the  necessity  of 
allowing  the  crop  to  ripen  before  it  was  cut.  Silage  made  from  im- 
mature sorghum  is  sour  and  does  not  keep  well.  When  the  sorghum 
is  not  cut  until  the  seeds  are  hard  the  silage  has  less  acid  than  com 
silage  and  keeps  fully  as  well.     (Fig.  13.) 

Tte  average  acidity  for  the  different  kinds  of  silage,  as  determined 
by  the  Kansas  Agricultural  Experiment  Station  in  1913,  was  as  fol- 
lows: Com,  2.03  per  cent;  sorgo,  1.46  per  cent;  kafir,  1.43  per  cent.' 

•Reed,  O.  E.,  and  Fitch,  J.  B.    Sorghum  crops  for  sUage.    Kans.  Agr.  Esp.  Sta.  Ciro.  28,  «  p.    1913. 
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By  a  series  of  experiments  which  fully  demonstrate  the  value  of 
solium  silage  the  Kansas  Agricultural  Experiment  Station  has  done 
much  to  overcome  the  early  prejudices.  Silage  made  from  kafir 
was  found  equal  to  com  silage  whether  fed  to  beef  cattle  or  to 
dairy  cows.  Sweet-sorghum  silage  was  3  per  cent  less  valuable 
ihan  com  silage,  poimd  for  poimd,  when  measured  by  the  milk  pro- 
duced,*  but  when  fed  to  beef  cattle  it  was  fully  equal  to  com  silage. 

Com,  kafir,  and  sorgo  sil^iges  were  compared  in  feeding  experiments 
with  beef  cfdves  conducted  by  Prof.  W.  A.  Cochel  at  the  Kansas 
station  during  a  period  of  three  winters.  A  ration  consisting  of 
,com  silage,  wheat  straw,  and  cottonseed  meal  produced  an  average 
daily  gain  of  1.19  pounds  at  a  cost  of  5.26  cents  per  poimd  of  gain. 


Fig.  13.— Filling  a  sflo  with  sorghum  near  Athens,  Ga.    The  value  of  this  crop  for  silage  is  growing  in 

appreciation  each  year. 

Kafir  silage  substituted  for  the  com  silage  resulted  in  a  daily  gain 
of  1.28  pounds  at  a  cost  of  4.88  cents  per  pound,  and  sorgo  silage 
substituted  for  com  silage  resulted  in  a  daily  gain  of  1.12  pounds  at 
a  cost  of  5  cents  per  pound.  The  average  daily  ration  was  27  pounds 
of  silage,  1  pound  of  cottonseed  meal,  and,  in  addition,  all  the  wheat 
straw  the  animal  would  eat. 

The  striking  advantage  of  sorghum  silage  over  fodder  in  a  ration 
for  wintering  live  stock  was  shown  at  the  Fort  Hays  Branch  Experi- 
ment Station  in  1912-13.  A  ration  of  27  pounds  of  kafir  fodder,  10 
pounds  of  wheat  straw,  and  1  pound  of  cottonseed  meal  fed  to  breed- 

•  Reid,  O.  E.,  and  Fitch,  J.  B.    Op.  cit. 
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ing  cows  resulted  in  a  daily  gain  of  only  0.5  pound  and  cost  19.82 
cents  per  pound  of  gain.  A  daily  ration  of  35  pounds  of  kafir  silage, 
14  pounds  of  wheat  straw,  and  1  pound  of  cottonseed  meal  resulted 
in  a  daily  gain  of  1 .34  pounds  at  a  cost  of  4.7  cents  per  pound.  Exper- 
iments at  the  same  station  in  the  winter  of  1918-19  indicated  that  1 
acre  of  kafir  fed  to  cows  as  silage  was  equal  to  1.78  acres  fed  as  fodder. 

The  silage  yield  of  sorgo,  especially  in  the  Great  Plains  area,  is 
consistently  larger  than  that  of  kafir  or  com.  (Figs.  12  and  14.) 
The  results  obtained,  therefore,  when  figured  on  the  basis  of  pounds 
of  beef  or  gallons  of  milk  per  acre,  are  very  favorable  to  sorgo.  This 
is  illustrated  graphically  in  figure  15,  which  compares  sorgo^  com, 
and  kafir  when  grown  on  fertile  soil  m  the  eastern  part  of  the  State. 

The  diagram  (fig.  15),  giving  as  it  does  the  potential  acre  value 
of  sorgo  in  gallons  of  milk  and  pounds  of  beef  per  acre,  shows  in  a 


TiQ.  14.~BIoody  Butcher  corn  at  Hays,  Kans.,  August  27,  1919,  showing  the  behavior  of  oom  on  the 
uplands  of  western  Kansas  in  average  years. 

striking  manner  the  high  value  of  this  crop  when  it  is  utilized  as 
silage.  There  is  little  doubt  that  some,  though  not  all,  of  this  supe- 
riority over  com  is  lost  in  the  succeeding  crop,  since  most  investi- 
gators admit  that  com  leaves  the  field  in  better  condition  for  wheat 
or  other  small  grains  than  does  sorghum. 

The  higher  yielding  power  of  sorghum  for  silage  is  shown  in  nearly  all 
tests  reported.  At  the  Kentucky  Agricultural  Experiment  Station  the 
average  yield  per  acre  of  corn  silage  for  a  5-year  period  from  1915  to 
1919,  inclusive,  was  10.7  tons,  as  against  a  yield  of  17  tons  for  sorghum 
silage.  At  the  Tennessee  Agricultural  Experiment  Station  com 
averaged  7.4  tons,  sorghum  14.2  tons,  and  corn  and  sorghum  mixed 
10.4  tons  per  acre.  At  the  Michigan  Agricultural  Experiment  Station 
com  made  14.8  tons  and  sorghum  19.3  tons  of  silage  per  acre. 
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A  feeding  experiment  was  carried  out  at  the  Kentucky  Agricultural 
Experiment  Station  in  1918-19,  comparing  com  silage  with  sorghum 
silage.  The  steers  fed  com  sUage  made  a  daily  gain  of  2 . 1 5  pounds  per 
head.  Those  fed  sorghum  silage  averaged  1.95  pounds  of  gain  per 
head  daily,  notwithstanding  that  one  steer  in  the  sorghum  lot  was 
off  feed  for  nine  days.  A  net  profit  of  approximately  $20. per  steer 
was  realized  in  both  lots  with  the  silage  valued  at  $8  per  ton,  which 
value  gave  a  gross  return  of  $78.32  per  acre  for  the  cornfield  and  $136 
per  acre  for  the  sorghum  field. 

Stockmen  on  the  Plains  lose  large  nimibers  of  cattle  in  hard  winters 
through  starvation 
and  freezing.  This 
loss  could  be  almost 
entirely  prevented  by 
the  use  of  reserve  feed 
stored  in  pit  silos,  like 
those  shown  in  figure 
16.  These  silos  are 
inexpensive  to  con- 
struct and  in  no  dan- 
ger of  destruction  by 
the  wind.  In  favor- 
able seasons  such 
silos  can  be  easily 
filled  with  sorghum, 
thus  holding  a  sui*- 
plus  of  cheap  feed  in 
reserve  against  the 
time  of  need.  Prop- 
erly  made,  silage 
keeps  almost  .indefi- 
nitely in  a  pit  silo. 
Silage-fed  cattle  that 
have  access  to  straw 
piles  come  through 
the  winter  in  good 
condition  instead  of  losing  most  or  all  of  the  gains  made  during  the 
suDMner  grazing  period. 

Farmers  who  keep  a  few  milk  cows  also  find  a  supply  of  silage 
very  profitable.  Care  should  be  used  in  planning  the  diameter  of  the 
silo,  so  that  at  least  2  inches  of  the  silage  will  be  fed  each  day  after 
the  silo  is  opened.  If  the  silo  is  so  large  that  less  than  this  quantity 
is  required  for  the  stock,  the  ensilage  will  spoil  on  top. 

bsB  AS  PASTURE. 

Soi^hum  has  been  recommended  as  a  sunmier  pasture  for  live 
stock  of  all  kinds,  but  there  is  more  or  less  conflict  of  opinion  regard- 
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Fio.  16.— Comparison  of  sor^,  corn,  and  kaflr  for  silage  on  rich  soil  at 
Manhattan,  Kans.:  A^  Average  yield  per  acre  for  the  5-year  period 
from  1912  to  1916,  inclusive  (Cunningham,  C.  C,  and  Kenney,  Ralph. 
Kans.  Exp.  Sta.  Bui.  218,  p.  11, 1917).  B,  Yield  of  milk  obtained  from 
1  acre  of  silage  when  fed  to  dairy  cows  in  a  ration  with  a  small  quan- 
tity of  alfalfa  hay  and  grain  (corresnondence  with  J.  B.  Fitch,  Ao- 
gust  22, 1019).  (7,  Beef  obtained  from  1  acre  of  silage  when  fed  to 
calves  in  a  ration  with  1  pound  of  cottonseed  meal. 
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ing  its  value  for  this  purpose.  The  general  result  of  well-planned 
experiments  is  to  discourage  its  use  as  pasture  both  for  hogs  and 
cattle.  Most  of  the  successes  with  sorghum  as  pasture  have  resulted 
from  the  turning  in  of  milk  cows  on  a  nearly  mature  crop. 

The  danger  of  prussic-acid  poisoning  has  tended  to  prevent  farmers 
from  pasturing  sorghums  very  extensively,  except  with  hogs.  There 
seems  little  danger  to  hogs  from  the  poison,  but  cattle  are  particu- 
larly susceptible ;  therefore  the  sorghum  should  invariably  be  tested 
for  poison  by  turning  some  animal  of  little  value  into  the  field  first. 
If  the  poison  is  present  in  dangerous  proportion  the  fact  will  become 
apparent  in  a  few  minutes. 


Fio.  16.— Battery  of  pit  sflos  on  a  ranch  between  Hays  and  Plaln%ine,  Kans.    These  silos  are  20  feet  In 

diameter  and  25  fwt  deei^. 

SORGHUM  S££D  AS  A  GRAIN  RATION. 

The  utilization  of  the  seed  of  grain  sorghums  as  a  grain  ration  for 
farm  animals  is  increasing  rapidly.  These  grains  are  especially 
valuable  for  use  in  chicken  feeds,  but  can  also  be  fed  with  good  re- 
sults to  cattle,  horses,  sheep,  and  hogs.  The  general  belief  among 
feeders  is  that  the  sorghum  grains  are  worth  about  90  per  cent  as 
much  as  com  when  measured  by  ^ains  in  flesh.  This  is  true,  however, 
only  of  kafir,  milo,  feterita,  and  other  grain  sorghums.  Sorgo  seed  is 
less  valuable  because  the  seeds  of  nearly  all  sweet-sorghum  varieties 
contain  an  appreciable  amount  of  tannin.  This  tannin  has  an  as- 
tringent effect  on  the  digestive  processes,  evidently  thereby  lowering 
the  feeding  value  of  the  grain. 

The  relative  value  of  sorgo  seed  as  compared  with  com  and  seed 
of  the  grain  sorghums  is  brought  out  in  Bulletin  192  of  the  Kansas 
Agricultural    Experiment   Station.*®     In   a  feeding   test  with  hogs 

»o  Wheeler,  O.  C.     IIo^  fpedini.     Kans.  Agr.  Exp.  Stn.  Bnl.  192.  p.  3'V3-426,  8  fig.    1913. 
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covermg  apertod  of  SQ-days^  a  lot  fed  ground  sorgo  seed  and  alfalfa  hay 
made  an  average  daily  gain  of  only  0.88  pound.  Those  given  ground 
milo  in  place  of  the  sorgo  seed  averaged  1 .2  pounds  per  day;  those  fed 
ground  kafir,  1.3  pounds  per  day:  and  those  given  ground  com,  1.5 
pounds  i>er  day.  Where  the  ration  was  only  62  per  c^nt  com  or  sor- 
^um  seed,  30  per  cent  shorts,  and  8  per  cent  tankage,  the  gains  were 
more  nearly  equal  from  the  diflFerent  grains. 

Additional  information  on  the  value  of  grain-sorghum  seed  as  a 
substitute  for  com  in  feeding  live  stock  is  to  be  found  in  Farmers* 
Bulletins  724  and  972  of  the  United  States  Department  of  Agri- 
culture, entitled,  respectively,  **The  Feeding  of  Grain  Soi^himos  to 
live  Stock'*  and  ''How  to  Use  Sorghum  Grain." 

CHEMICAL  COMPOSITION  AND  DIGESTIBILITT  OF  SORGHUM  FORAGE. 

In  composition  and  digestibility,  sorghum  fodder  and  sorghum 
silage  are  very  similar  to  com  fodder  and  com  silage.  This  fact  is 
indicated  in  Table  II,  compiled  from  Henry  and  Morrison's  Feeds 
and  Feeding,  sixteenth  edition. 

Table  II. — Average  composition  of  corn,  kafir,  and  sorgo  forage. 


Number 

of 
analyses. 

Constituents  (percent). 

Crop. 

Water. 

39.3 
40.0 
37.4 

73.7 
69.2 
77.2 

A  -K      ;    Crude 
^"*-     1  protein. 

i 

Fiber. 

10.7 
17.7 
17.8 

6.3 
9.9 
6.9 

Nitrogrn- 

free 
extract. 

34.2 
28.4 
35.0 

15.4 
15.5 
11.9 

Fat. 

Field'cared  fodder: 

Com 

33 

ao 

11 

121 

3 

30 

3.6              4.fi 

1.4 

Kafir 

6.2 

5.9 

1.8 

Sorgo 

SUa^  from  fairly  mature  plants: 

Kafir.*]!!.!-!!!!..!!!!"..*!. 

Sorgo 

3.1 

1.7 
2.5 
1.6 

3.9 

2.1 
1.8 
1.5 

2.8 

.8 
1.1 
.9 

According  to  the  above  authority,  com,  both  as  fodder  and  as 
silage,  is  slightly  more  digestible  than  kafir  or  soi^o.  In  fodder,  the 
percentile  of  digestibility  for  the  dry  matter  of  com  is  66,  kafir  59, 
and  sorgo  68.  In  silage  the  percentage  of  digestibility  for  the  dry 
matter  of  com  is  66,  kafir  55,  and  sorgo  57. 

PRUSSIC-ACID  POISONING- 

A  serious  disadvantage  in  the  use  of  sorghum  as  a  pasture  or  soiling 
crop  is  the  danger  of  prussic-acid  poisoning.  Almost  every  farmer 
who  has  grown  soi^hum  as  a  farm  crop  knows  that  it  is  dangerous  to 
allow  cattle  to  eat  even  a  small  quantity  of  green  sorghum  before  it 
has  matured.  The  wild  animals  of  Africa  are  said  to  avoid  sorghum 
instinctively  while  it  is  young,  refusing  to  eat  it  imtil  it  has  ripened. 
However  this  may  be,  domestic  animals  in  America  show  no  such 
intuition,  and  a  <;onsiderable  loss  of  cattle  is  sustained  each  year  in 
the  United  States  from  sorghum  poisoning. 
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No  sure  remedy  for  prussic  (hydrocyanic)  acid  poisoning  has  yet 
been  found.  Doses  of  glucose  (com  sirup)  or  large  quantities  of  milk 
will  prove  beneficial  if  the  animal  is  not  too  nearly  dead.'^  A  remedy 
advocated  by  a  correspondent  and  published  only  as  a  suggestion, 
since  the  Department  of  Agriculture  has  no  proof  of  its  efficacy,  is  as 
follows:  A  half  teaspoonful  of  soda  is  added  to  a  half  pint  of  dilute 
vinegar  and  given  to  the  animal  while  the  mixture  is  still  foaming. 
This  dose  is  repeated  at  intervals  imtil  the  animal  is  relieved.  It  is 
claimed  that  cattle  have  been  saved  by  this  treatment,  even  after  they 
were  down. 

There  are  certain  points  regarding  sorghum  poisoning  which  have 
been  fairly  well  established,  and  these  should  be  kept  in  mind  by 
^very  sorghum  grower: 

(1)  Sorghum  is  most  dangerous  when  its  normal  growth  has  been  interrupted  by  an 
acute  drought  or  by  frost. 

(2)  The  prussic-acid  content  of  sorghum  decreases  as  the  plant  approaches  maturity. 
Mature  plants  with  ripe  seeds  are  seldom  dangerous,  especially  if  the  growth  has  been 
normal. 

(3)  The  slow  curing  of  sorghum  releases  three-fourths  of  the  prussic  acid  and  ordi- 
narily makes  the  cured  fodder  safe  to  feed  animals.  Rapid  drying  releases  less  of  the 
acid  and  is  therefore  a  less  effective  safeguard.'* 

(4)  Sorghum  silage  can  be  fed  with  safety. 

(5)  Loss  usually  comes  irofn  pasturing  cattle  on  soighum.  This  should  never  be 
attempted  without  first  testing  the  field  with  an  animal  of  little  value.  Even  if  the 
sorghum  appears  safe  to  pasture  after  such  a  test,  the  herd  should  not  be  turned  in 
the  field  with  empty  stomachs.  A  light  feed  of  grain  given  prior  to  turning  the  animals 
on  the  sorghum  will  do  much  to  prevent  injur>'. 

(0)  Less  trouble  is  experienced  in  the  Southern  States  than  in  those  farther  north. 

DISEASES  OF  SORGHUMS. 
RED-SPOT. 

The  red-spot,  formerly  known  as  ^'sorghimi  blight/'  is  perhaps  the 
most  troublesome  of  all  sorghum  diseases  from  a  forage  standpoint. 
It  afifects  both  the  stem  and  leaves  of  the  plant,  manifesting  itself 
in  red  or  purple  spots,  which  at  first  are  more  or  less  circular,  but 
which  spread  most  rapidly  lengthwise  of  the  stem  or  leaf,  becoming 
oblong  or  rectangular  splotches  (fig.  17).  When  these  discolored 
areas  become  very  numerous  the  leaves  cease  to  function  and  the 
growth  of  the  plant  stops. 

Red-spot  is  most  destructive  in  warm,  humid  climates  likje  that  of 
the  Gulf  coast.  It  is  always  to  be  found  on  the  Great  Plains,  but  does 
little  damage  except  in  wet  seasons.  Some  varieties  are  more  suscep- 
tible to  it  than  others.  Sudan  grass  is  of  little  value  in  Florida  and 
other  parts  of  the  Gulf  coast  because  of  its  susceptibility  to  this 
disease. 

"  Peters,  A.  T.,  Slade,  H.  B.,  and  Avery,  Samuel.    Poisoning  of  cattle  by  common  sorgiram  and  kaflr 
com.    Nebr.  Agr.  Exp.  Sta.  Bui.  77, 16  p.    1908. 
u  Dowell,  C.  T.    Cyanogenesis  in  Andropogon  sorghum.  In  Jour.  Agr.  Resoarcfa,  v.  16,  no.  7,  p.  179.  191ft. 
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No  remedy  or  preventive  of  the  red-spot  has  yet  been  found  other 
than  the  growing  of  resistant  varieties.  In  localities  where  it  is 
especially  destructive,  as  along  the  Gulf  coast,  Japanese  cane  or 
Napier  grass  should  be  grown  instead  of  the  sorghums. 

KERNEL  SMUT. 

The  kernel  smut  of  sorghums  is  most  important,  of  course,  from 
the  standpoint  of  grain  production.  All  the  principal  groups  of 
sorghums  except  milo  andfeterita  are  subject  to  kernel  smut,  and  the 
losses  in  some  districts  are  quite  severe. 


Fig.  17.— Leaves  of  one  of  the  sweet  sorghums  affected  by  red-spot,  or  sorghum  blight.  Note  the  char- 
acteristic small  red  spots  on  the  two  outer  leaves.  The  larger  areas  on  the  center  leaves  show  how  those 
spots  spread  over  the  leaf  In  the  later  stages. 

In  the  kernel  smut  the  individual  grains  or  kernels  in  the  head  are 
attacked  and  changed  into  a  mass  of  dark-colored  spores.  The  head 
itself  retains  its  shape  and  these  spore  masses  look  somewhat  like 
elongated  seeds.  Unlike  the  red-spot,  kernel  smut  can  be  controlled 
by  seed  treatment.  The  formaldehyde  treatment  is  probably  the 
most  effective.*^  One  pound  of  37  per  cent  formaldehyde  solution  is 
mixed  with  30  gallons  of  water.  The  sacks  of  seed  are  inmiersed  for 
one  hour  in  this  solution,  which  should  be  stirred  occasionally.  Then 
the  sacks  are  taken  out  and  drained,  after  which  the  seed  is  spread 
upon  a  clean  floor  or  canvas  to  dry.  When  dry  the  seed  may  he 
sown,  but  care  must  be  taken  to  see  that  it  docs  not  come  in  contact 
with  any  infected  sacks  after  the  treatment. 

"  Humphrey,  H.  B.,  and  Potter,  A.  A.    Cereal  smuts  and  the  disinfection  of  seed  grain.    I'.  S.  Dopt. 
Agr.,  Fanners'  Bui.  WQ,  28  p. ,  IG  figs.    1918. 
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HBAD  SMUT. 

The  disease  known  as  head  smut  is  much  less  common  than  the 
kernel  smut.  The  whole  head  when  it  emerges  from  the  upper  leaf 
is  a  mass  of  dark-colored  spores  mingled  with  the  fibrous  remnants  of 
the  host  tissue  and  inclosed  within  a  grayish  membrane.  This  mem- 
brane soon  ruptures  and  permits  the  escape  of  the  spores. 

Head  smut  can  not  be  controlled  by  seed  treatment ,  largely  because 
soil  infestation  is  known  to  occur.  The  only  safe  plan  is  to  avoid  the 
use  of  seed  from  localities  where  it  is  known  to  occur  and  to  cut  out 
and  bum  all  plants  affected  with  it  before  the  spores  ripen. 

INSECT  ENEMIES.  »^ 

GRASSHOPPERS. 

Grasshoppers  are  troublesome  principally  in  the  semiarid  regions 
and  cause  the  greatest  damage  in  Kansas.  They  prefer  alfalfa  and 
corn  to  sorghum,  but  when  they  become  very  numerous  or  the 
alfalfa  is  harvested  and  a  field  of  corn  is  not  readily  available,  they 
become  quite  injurious  to  the  sorghums.  They  can  be  controlled 
most  effectively  by  scattering  poisoned  bran  mash  about  the  edges 
of  the  field.     This  poisoned  mash  is  made  up  as  follows: 

Bran .pounds. .  25 

Paris  green  or  white  arsenic do 1 

Molasses quarts. .       2 

Oranges  or  lemons 3 

Water gallons. .      3  to  4 

The  bran 'and  Paris  green  are  thoroughly  mixed  dry  in  some  recep- 
tacle, such  as  a  wash  tub.  The  juice  of  the  oranges  or  lemons  is 
squeezed  into  the  water,  the  pulp  and  peeling  chopped  fine  and  added, 
after  which  the  molasses  is  dissolved  in  the  water  and  the  poisoned 
bran  is  moistened  with  this  solution.  Ordinary  table  sirup  is  not  as 
effective  as  a  strong-smelling  molasses. 

Where  the  grasshoppers  are  troublesome  it  is  best  to  scatter  this 
damp  mash  about  the  field  early  in  the  morning,  about  the  time 
they  are  beginning  to  move  about.  The  quantity  described  in  the 
foregoing  formula  should  be  sufficient  for  4  to  5  acres. 

CHINCH  BUG. 

None  of  the  better  varieties  of  forage  sorghums  are  liable  to  be 
injured  very  extensively  by  chinch  bugs  unless  the  infestation  occurs 
when  the  plants  are  small.  So  long  as  favorable  growing  conditions 
prevail,  the  damage  will  be  slight  in  all  cases  except  in  milo,  which  is 
much  more  susceptible  to  injury  than  any  other  well-known  variety. 

A  field  of  sorghiun  can  be  protectad  from  chinch-bug  invasion  by 
means  of  a  deep  furrow  plowed  around  the  edges  of  the  field,  running 

n  Prepared  vrtth  the  advice  and  cooperation  of  W.  R.  Walton,  Entomologist  in  Charge  of  Cerfal  and 
Forage  In.scct  Invcstigatiom,  Bureau  of  Entomology,  United  States  Department  of  Agricultnrr. 

Digitized  by  VJ\^^Vl\^ 


Growing  and  Utilizing  Sorghums  for  Forage.  31 

the  land  side  of  the  plow  toward  ihe' field.     In  dry  weather  the  sides 

of  the  furrow  thus  made  can  be  rendered  so  steep  and  the  earth  so 

evenly  pulverized  that  tho  chinch  bugs  can  not  crawl  out  of  it.     In 

showery  weather  the  bottom  of  the  furrow  can  be  smoothed  with  a 

shovel,  thus  making  it  easier  for  the  bugs  to  follow  along  the  bottom 

than  to  climb  tho  sides  of  the  ditch.     If  holes  with  perpendicular 

sides  are  then  dug  across  the  bottom  of  the  ditch  at  intervals  of  30 

to  40  feet,  the  chinch  bugs  will  fall  into  them,  and  can  be  disposed 

of  easily  by  the  application  of  kerosene  oil.     The  bugs  commonly 

pass  the  winter  at  the  base  of  bunches  of  grass  and  in  the  piles  of 

trash  usually  found  along  fences  and  hedgerows.     Burning  this  grass 

and  trash  in  November  or  December  destroys  a  large  percentage  of 

the  chinch  bugs  and  does  much  to  prevent  trouble  with  them  the 

following  summer.** 

ANTS. 

Ants  do  considerable  damage  to  newly  planted  fields  of  sorghum 
by  eating  out  the  kernel  and  thus  preventing  germination.  The  ants 
that  do  this  are  small  and  reddish  in  color.  The  only  practicable 
way  to  control  them  is  to  prepare  the  seed  bed  carefully  and  plant 
when  the  ground  is  in  good  condition,  so  that  the  seed  will  germinate 
promptly.  Frequent  cultivations  help  materially  in  breaking  up  the 
ant  colonies  and  thus  reducing  general  injury  to  the  crop. 

SORGHTJM  MIDGE. 

The  sorghum  midge  is  abundant  in  the  Southern  States  from  cen- 
tral Texas  east.  .  In  that  region  it  usually  prevents  the  production 
of  sorghum  seed  to  such  an  extent  that  the  growing  of  grain  sorghum 
is  unprofitable.  A  complete  description  of  the  sorghum  midge,  sug- 
gesting methods  of  control,  has  been  published  in  United  States 
Bureau  of  Entomology  Bulletin  85.** 

The  sorghimi  midge  is  a  very  small  fly  with  a  red  body  which  lays 
its  egga  within  the  hulls  or  glumes  of  the  sorghum  flower  before 
blossoming  time.  The  egg  produces  a  small  white  larva,  or  grub, 
which  takes  its  position  alongside  the  developing  ovary  and  absorbs 
the  juices,  thus  preventing  the  development  of  the  seed.  This  larva 
soon  attains  its  growth  and  changes  into  a  pupa,  from  which  the 
adult  fly,  or  midge,  emerges  in  a  few  days  and  starts  a  new  generation 
by  depositing  eggs  on  other  sorghum  heads.  Under  favorable  condi- 
tions of  temperature  and  moisture  this  whole  process  requires  only 
14  days,  the  average  time  being  14  to  20  days.  The  adults  do  not 
feed  on  the  developing  seed;  only  the  larva  does  injury  in  this  way. 

The  midge  appears  first  in  the  spring  on  Johnson  grass  and  breeds 
there  sufl5ciently  to  infest  cultivated  sorghums  in  considerable  num- 

"  Webster,  F.  M.    The  dUnch  bug.    U.  S.  Dept.  Agr.,  Farmers'  Bui.  667.  28  p.,  9  fig.    1915. 
»  De§n,  W.  Htoper.    The  sor^um  raidgo.    In  V.  8.  Dept.  Agr.,  Bur.  of  Ent.  BuL  86,  pt.  4,  p.  39-6S, 
ft«-a(^l,3pi.    1911. 
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bers  as  soon  as  the  crops  come  into  head.  All  sorghums  are  subject 
to  its  attacks,  and  it  has  been  foimd  also  on  foxtail  and  certain  other 
wild  grasses.  Absence  of  the  cultivated  sorghums  from  any  com- 
munity throughout  an  entire  year  is  therefore  not  disastrous  to  the 
midge.  It  lives  over  winter  in  the  larval  state  in  heads  of  the  sor- 
ghums and  Johnson  grass  which  remain  as  trash  on  the  fields  or  along 
the  fence  rows.  Parasites  become  numerous  usually  late  in  the  sea- 
son and  destroy  large  nmnbers  of  the  midge,  but  too  late  to  prevent 
*  the  greater  part  of  their  injury  to  the  sorghums. 

One  way  of  combating  the  sorghum  midge  is  by  seeding  very  early 
in  the  season,  so  that  the  sorghums  will  come  into  bloom  at  a  time 
when  the  midge  is  not  plentiful.^'  Early  seeding  and  careful  har- 
vesting of  sorghum  fields,  together  with  the  destruction  of  all  the 
Johnson  grass  in  adjoining  areas,  will  lessen  the  evU,  but  may  not 
completely  overcome  it.  The  damage  from  a  forage  standpoint 
is  slight,  as  the  sorghum  makes  good  fodder  even  when  it  has  failed 
to  form  seed,  but  the  lack  of  home-grown  seed  of  the  better  forage 
varieties  no  doubt' tends  to  decrease*  the  acreage  of  this  crop  in  the 
midgo-infostod  States. 

"  Ball,  Carleton  R.,  and  Hastings,  Stephen  TI.    Grain-sorghura  production  in  the  San  Antonio  region 
of  Texas.    U.  S.  Dept.  Agr.,  Bur.  Plant  Industry  Bui.  237, 30  p.,  4  flg.    1912. 
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INTRODUCTION. 

The  cucumber  is  one  of  the  oldest  of  the  garden  vegetables.  Tak- 
ing its  origin  in  the  Far  East,  probably  in  India,  some  3,000  years 
ago,  it  has  gradually  spread,  until  to-day  it  is  found  under  cultiva- 
tion in  some  form  in  practically  every  country  in  the  civilized  world. 

As  a  fresh  vegetable  the  cucumber  has  a  most  refreshing  and  ap- 
petizing flavor,  and  is  held  in  high  esteem  by  the  great  majority  of 
people.  It  is,  however,  in  the  making  of  pickles  that  the  cucumber 
finds  its  chief  value,  being,  above  all  other  vegetables,  well  adapted 
to  this  purpose.  As  a  result,  there  are  few  homes  in  this  country  in 
which  cucumber  pickles  in  some  form  do  not  find  a  place  in  the 
dretary. 

The  great  demand  for  pickles  among  all  classes  early  led  to  their 
production  on  a  commercial  basis,  and  this  now  constitutes  a  large 
and  growing  industry  in  which  much  capital  is  invested  and  many 
people  given  employment.  The  introduction  of  salting  stations 
in  those  sections  where  cucumbers  can  be  grown  to  good  advantage 
has  resulted  in  stabilizing  the  supply.  At  these  stations  cucumbers 
are  cured  in  large  quantities  and  held  in  reserve.  Consequently  the 
markets  are  fairly  well  supplied  at  all  times  with  pickles,  regardless 
of  a  failure  of  the  crop  in  any  season  or  in  any  locality. 

Many  housewives,  however,  prefer  to  make  their  own  picldes,  a 
commendable  practice  where  the  home  garden  affords  a  liberal  supply 

*The  author  wishes  to  acknowledge  the  valuable  aid  given  by  Dr.  Charles  Thorn* 
chief  of  the  Mf<*robiok>gica]  Laboratory,  in  conducting  the  investigations  reported  in 
thi*  balletin,  am  well  as  th«  assistance  rendered  by  J.  W.  Sale,  of  the  Bureau  of 
Chemistry,  W.  D.  Collins,  of  the  Geological  Survey,  and  D.  N.  Shoemaker  and  W.  W. 
GUbsrt,  of  the  Bureau  of  Plant  Industry. 
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of  cucumbers.  This  bulletin  deals  only  with  the  home  production 
of  pickles.  It  presents  in  the  simplest  way  possible  the  essential 
processes  involved,  as  well  as  the  methods  by  which  it  is  believed  the 
standard  and  well-known  varieties  of  pickles  can  be  successfully  pre- 
pared in  the  home. 

CULTIVATION  OF  THE  CUCUMBER. 

Although  normally  a  lover  of  subtropical  conditions,  the  cucum- 
ber can  be  grown  successfully  in  almost  any  part  of  the  United 
States,  provided  care  is  taken  to  avoid  exposure  to  frost.  The  best 
soil  for  its  growth  is  a  sandy  or  clay  loam,  but  it  can  be  grown  on 
practically  any  soil  that  will  produce  good  com  or  potatoes.  The 
best  results,  however,  are  obtained  only  when  the  soil  is  well  fer- 
tilized, well-rotted  stable  manure  being  as  good  as  anything  for  this 
purpose,  although  commercial  fertilizers  are  often  used  to  good  ad- 
vantage. 

In  gathering  the  crop,  from  one-eighth  to  one- fourth  inch  of  the 
stem  should  be  left  on  the  cucumber,  and  care  should  be  taken  to 
avoid  bruising  it. 

Certain  varieties  of  cucumbers  produce  fruits  which  because  of 
their  shape,  firmness,  or  keeping  quality  are  better  adapted  to  pick- 
ling purposes  than  others.  When  this  is  the  end  in  view,  these 
varieties  should  be  selected  in  preference  to  the  more  rapid-growing 
and  less  resistant  varieties  of  the  market  type.  Among  the  best 
known  of  the  pickling  varieties  are  the  Chicago  Pickling,  Boston 
Pickling,  and  Snow's  Perfection.  Cucumbers  of  practically  all 
varieties,  sizes,  and  shapes,  however,  may  be  utilized  for  pickling. 
This  fact  should  be  kept  in  mind  in  those  localities  where  cucumbers 
are  largely  grown  for  the  market,  and,  in  fact,  by  all  truck  gar^ 
deners  who  raise  this  crop. 

Complete  information  on  the  cultivation  of  the  cucumber  and  the 
prevention  of  the  diseases  and  enemies  which  attack  it  may  be  ob- 
tained from  the  following  publications  issued  by  the  United  States 
Department  of  Agriculture : 

Farmers'  Bulletin  254,  Cucumbers,  by  L.  C.  Corbett 

Farmers'  Bulletin  460,  Frames  as  a  Factor  in  Truck  Growing,  by  W.  R.  Beattie. 

Farmers'  Bulletin  856,  Control  of  Disease  and  Insect  Enemies  of  the  Home 
Vegetable  Garden,  by  W.  A.  Orton  and  F.  H.  Chittenden. 

Farmers'  Bulletin  934,  Home  Gardening  In  the  South,  by  H.  C.  Thompson. 

Farmers'  Bulletin  937.  The  Farm  Garden  In  the  North,  by  James  H.  Seattle. 

Farmers'  Bulletin  1038,  The  Striped  Cucumber  Beetle  and  Its  Control,  by 
F.  H.  Chittenden. 

Farmers'  Bulletin  1044,  The  City  Home  Garden,  by  W.  R.  Beattie. 

Department  Bulletin  727,  Anthracnose  of  Cucurbits,  by  M.  W.  Gardner. 

Department  Bulletin  828,  Bacterial  Wilt  of  Cucurbits,  by  Frederick  V.  Rand 
and  Ella  M.  A.  Enslow. 

Department  Bulletin  879,  The  Mosaic  Disease  of  Cucurbits,  by  S.  P.  DooUttle. 
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KEEPING  CUCUMBERS. 

Whenever  cucumbers  are  grown  in  sucfi  quantities  that  they  do 
not  find  ready  sale  in  the  markets  as  a  fresh  vegetable,  they  should 
be  placed  at  once  in  brine  and  converted  into  either  salt  or  dill 
pickles.  The  method  of  doing  this  is  very  simple,  entailing  but 
little  expense  aside  from  the  cost  of  the  barrels  used  as  containers. 
After  being  cured  they  can  be  kept  as  long  as  desired  or  until 
it  becomes  possible  to  sell  them  to  good  advantage,  either  in  local 
markets  or  to  pickle  manufacturers.  Thus  the  grower  is  protected 
against  a  loss  by  overproduction  or  from  inability  to  speedily  mar- 
ket a  crop  which  spoils  readily,  and  at  the  same  time  the  pickle 
market  has  the  benefit  of  a  more  steady  and  ample  supply. 

FERMENTATION  OF  CUCUMBERS. 

The  proper  curing  of  cucumbers  for  the  production  of  pickles  is 
accomplished  by  a  lactic  fermentation  in  brine.  The  use  of  brine  is 
necessary  for  two  reasons:  (1)  By  the  osmotic  force  which  it  fur- 
nishes the  juice  of  the  cucumbers  is  withdrawn  to  form  part  of  the 
brine.  Brine  also  causes  a  hardening  or  firmness  of  the  cucumber 
tissue.  (2)  The  presence  of  salt  checks  the  action  of  spoilage 
organisms*"  At  the  beginning  of  a  fermentation,  before  sufficient 
acid  has  been  formed,  and  later  when  the  amount  of  acid  has  de- 
creased, these  organisms  probably  would  attack  and  break  down  the 
cucumber  tissue. 

Cucumbers  contain  approximately  90  per  cent  of  water.  This 
water,  which  is  extracted  by  the  osmotic  action  of  the  brine,  includes 
the  fermentable  sugar,  one  of  the  constituents  of  the  cucmnber. 
The  sugar  content  of  cucmnbers  varies  from  0.5  to  2.5  per  cent, 
depending  upon  the  variety,  and  upon  soil  and  climatic  conditions. 
Usually  it  is  sufficient  to  afford  nourishment  for  the  growth  of  the 
acid-forming  bacteria,  as  a  result  of  the  growth  of  which  it  is  split 
up,  to  form  lactic  and  probably,  to  some  extent,  certain  volatile  acids. 
By  its  reaction  upon  the  cellular  structure  of  the  cucumber  the  acid 
brine  thus  formed  brings  about  those  changes  in  color,  taste,  and 
texture  which  are  recognized  as  constituting  the  pickled  state.  In 
other  words,  the  cucumber  ceases  to  be  a  cucumber  and  becomes  a 
pickle. 

As  the  large  water  content  of  cucimibers  reduces  materially  the 
salt  concentration  of  any  brine  in  which  they  are  fermented,  it  is 
necessary  to  add  an  excess  of  salt  at  the  beginning  of  a  fermenta- 
tion, in  the  proportion  of  1  pound  for  every  10  pounds  of  cucumbers 
fermented. 

The  active  stage  of  a  cucumber  fermentation  continues  for  a  period 
of  from  10  to  80  days,  depending  largely  upon  the  temperature  at 
which  it  is  conducted.    As  determined  by  the  optimum  requirement 
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of  the  essential  organisms,  the  most  favorable  temperature  is  ap- 
proximately se*"  F, 

Practically  all  the  sugar  withdrawn  from  the  cucumbers  is  utilized 
during  the  stage  of  active  fermentation,  at  the  end  of  which  period 
the  brine  reaches  its  highest  degree  of  acidity.  During  this  period 
the  salt  concentration  should  not  be  materially  increased,  for  although 
the  lactic  bacteria  are  fairly  tolerant  of  salt,  there  is  a  limit  to  their 
tolerance.  The  addition  of  a  large  amount  of  salt  at  this  time  would 
reduce  their  acid- forming  power  just  when  this  is  essential  to  a 
successful  fermentation.'  Salt,  therefore,  should  be  added  gradually 
over  a  period  of  weeks.  From  one  to  two  months  is  necessary  for 
the  complete  curing  of  pickles.  This  is  indicated  by  an  increased 
firmness  in  texture,  a  greater  degree  of  translucency,  and  a  change 
in  color  from  a  pale  green  to  a  dark  or  olive  green.  These  changes 
ai*e  uniform  throughout  the  perfectly  cured  specimen.  So  long  as 
any  portion  of  a  pickle  presents  a  whitish  or  opaque  appearance  it 
can  not  be  said  to  be  perfectly  cured. 

EQUIPMENT  AND  SUPPLIES  FOR  BRINING  AND  PICKUNG- 

For  the  fermentation  of  vegetables  in  the  home,  stone  jars  are  the 
most  convenient  and  desirable  receptacles.  Stoneware  is  much  more 
easily  kept  clean,  and  tends  to  absorb  objectionable  odors  and  flavors 
to  a  much  smaller  degree  than  wood.  For  purposes  of  fermentation, 
only  the  straight-sided,  open- topped  form  of  jar  should  be  used. 
These  can  be  obtained  in  almost  any  size  desired,  from  1  up  to  20  gal- 
lons. As  a  rule,  those  holding  4  or  6  gallons  are  the  most  desirable. 
When  larger  quantities  of  food  are  to  be  packed  kegs  or  barrels  may- 
be used,  but  only  after  they  have  been  thoroughly  washed,  or  possibly 
charred,  in  order  to  remove  any  imdesirable  flavors  or  odors  which 
might  be  imparted  to  the  foods  packed  in  them.  Undesirable  flavors 
may  be  removed  also  from  barrels  by  the  use  of  solutions  of  caustic 
soda  or  potash.  When  strong  lye  is  employed  for  this  purpose  it 
should  be  allowed  to  remain  in  the  barrel  for  several  days,  after 
which  the  barrel  is  thoroughly  soaked  and  washed  with  hot  water 
until  the  alkali  is  removed.  Wide-mouthed  bottles  or  glass  jars  may 
be  used  when  very  small  quantities  of  food  are  to  be  fermented  or 
salted. 

For  covers,  round  boards,  about  1  inch  thick,  are  the  most  desir- 
able. These  can  be  made  of  any  kind  of  wood  except  yellow  or  pitch 
pine,  which  would  impart  undesirable  flavors  to  the  vegetables. 
Covers  should  be  from  1  to  2  inches  less  in  diameter  than  the  inside 
of  the  jar,  so  that  they  may  be  removed  easily.  Board  covers  are 
greatly  improved  by  first  dipping  them  in  hot  paraflin  and  then 
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boming  them  over  with  a  flame.  In  this  way  the  pores  of  the  wood 
are  filled  and  the  covers  can  be  kept  clean  comparatively  easily.  For 
small  containers,  heavy  plates  of  suitable  size  may  be  used  instead 
of  boards,  if  preferred. 

After  packing  the  material  in  the  jar  it  is  often  desirable  to  cover 
it  with  a  clean  white  cloth.  Cheesecloth  or  muslin  answers  this  pur* 
pose  best.  Two  or  three  thicknesses  of  cheesecloth,  cut  in  circular 
form  and  about  6  inches  larger  in  diameter  than  the  inside  of  the 
jar,  afford  a  suitable  covering.  Sometimes  grape,  beet,  or  cabbage 
leaves  are  used  for  this  purpose.  Grape  leaves  make  a  good  cover- 
ing for  dill  pickles,  and  cablwige  leaves  for  sauerkraut. 

In  aU  cases  where  vegetables  fermented  in  a  weak  brine  are  to  be 
kept  for  any  length  of  time,  it  is  necessary  to  exclude  air  by  sealing 
with  paraflSn,  beeswax,  or  oil,  to  prevent  ^oilage.  Paraffin  is 
dieaper  than  beeswax  and  oil,  and  probably  preferable.  It  should 
be  poured  over  the  surface  while  hot  in  quantities  sufficient  to 
J&ake,  when  cooled,  a  solid  coating  about  i  inch  thick  This  will 
effectually  seal  the  jar,  excluding  the  air  and  anything  which  might 
eoQtaminate  the  contents.  In  packing  vegetables  for  f ermentaticHi  it 
is  desirable  that  sufficient  weight  be  placed  on  the  cover  to  make 
the  brine  come  up  to  but  not  over  the  cover.  It  is  then  necessai-y 
flat  only  the  portion  of  the  surface  around  the  cover  be  sealed  with 
paraffin.  Paraffin  has  the  further  advantage  of  being  easily  handled 
and  readily  separated  from  the  fermented  vegetables  when  they  are 
removed  from  the  container.  If  it  becomes  dirty,  the  dirt  may  be 
removed  by  first  heating  the  paraffin  to  a  high  temperature  and  then 
straining  it  through  several  thicknesses  of  cheesecloth.  In  this  way 
it  can  be  used  over  again.  It  should  not  be  applied  until  active  fer- 
mentation has  ceased,  as  the  formation  of  gas  below  the  layer  might 
break  the  seal.  In  this  event  it  would  be  necessary  to  remove  it, 
heat  it  again,  and  replace  it.  It  is  also  to  be  borne  in  mind  that 
paraffin  may  be  attacked  by  vermin,  so  that  when  it  is  used  as  a  seal 
provision  should  be  made  to  prevent  such  attacks.  When  jars  are 
used  this  is  accomplished  by  means  of  the  lids. 

Almost  anything  which  furnishes  the  required  amount  of  pressure 
will  serve  as  a  weight  to  hold  down  the  mass  in  a  jar  or  keg.  Clean 
rtones  (except  limestone)  and  bricks  are  effective. 

A  pair  of  kitchen  scales  and  suitable  vessels  for  determining  liquid 
measure  are,  of  course,  an  essential  part  of  the  equipment  for  brin- 
iag  and  pickling. 

Fine  table  salt  is  not  necessary,  nor  in  fact  desirable,  for  salting 
vegetables  or  making  up  brine.  What  is  known  as  common  fine  salt, 
visually  sold  in  bulk  at  about  2  cents  a  pound,  or  even  a  coarser  salt, 
such  as  is  used  in  freezing  ice  cream,  is  better  adapted  to  this  pur- 
pose.   It  is  important,  however,  that  the  salt  should  be  as  nearly  as 
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possible  a  pure  sodium  chlorid.  Chemical  impurities  should  not 
exceed  1  per  cent.  If  present  in  larger  amounts,  they  may  interfere 
seriously  with  the  success  of  a  fermentation. 

Spices  are  used  to  some  extent  in  the  production  of  nearly  all  kinds 
of  pickles,  chiefly,  however,  in  making  sweet,  mixed,  and  dill  pickles. 
Various  combinations  of  spices  are  us^d,  depending  upon  the  kind 
of  pickles  to  be  made  and  also  upon  the  flavor  desired.  The  following 
whole  spices  are  used  in  pickling: 

Peppers,  black  and 

cayenne. 
Cloves. 
Cinnamon. 
Celery  seed. 

Ginger  and  horse-radish  root  are  also  sometimes  used.  Any  of 
these  spices  may  be  purchased  in  bulk  and  mixed  as  desired.  Mixed 
whole  spices,  specially  prepared  for  pickling  purposes,  sold  in  the 
stores,  are  as  a  rule  satisfactory.  Care  should  be  taken  to  see  that 
they  are  of  proper  strength. 

Oil  spices,  which  are  sometimes  used,  may  be  desirable  under  cer- 
tain circumstances.  Their  effect,  however,  is  less  lasting  than  that  of 
the  whole  spices,  which  are  to  be  preferred. 

Turmeric  has  been  much  used  in  both  the  commercial  and  house- 
hold preparation  of  pickles.  While  certain  of  its  qualities  un- 
doubtedly entitle  it  to  be  classed  among  the  spices,  it  does  not  rank  in 
importance  as  such  with  the  others  named.  It  is  employed  largely 
because  of  its  supposed  effect  on  the  color  of  pickles.  As  a  coloring 
agent  its  value  is  probably  overestimated. 

Dill  herb  (Anet^mm  graveolens)  is  practically  always  used  with 
cucumbers  when  they  are  fermented  in  a  weak  brine,  and  often  with 
other  vegetables  fermented  in  this  way.  It  gives  to  the  pickle  a  dis- 
tinct flavor  which  is  very  popular.  The  dill  herb,  a  native  of  south- 
em  Europe,  can  be  grown  in  nearly  all  parts  of  this  coimtry,  and 
usually  is  obtainable  in  the  markets  of  the  larger  cities.  While  the 
entire  stalk  of  the  dill  herb  is  of  value  for  flavoring,  the  seeds  are 
best  suited  for  imparting  the  desired  flavor.  For  this  reason  the  crop 
should  not  be  harvested  until  the  seeds  are  fully  mature,  and  should 
be  harvested  before  the  seeds  become  so  ripe  that  they  fall  off.  The 
herb  may  be  used  green,  dried,  or  brined.  When  green  or  brined  dill 
is  used,  take  twice  the  quantity  by  weight  as  would  be  required  if  the 
dried  herb  were  used.  Dill  retains  its  flavor  for  a  long  time  when 
brined.  To  preserve  it  in  this  way,  it  should  be  packed  in  a  60° 
brine,  or  if  it  is  to  be  kept  for  a  long  time  in  an  80°  brine.  Dill  brine 
is  as  useful  as  the  herb  for  flavoring. 
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The  salinometer,  an  instrument  for  measuring  the  salt  strength  of 
a  brine,  is  very  useful,  though  not  absolutely  essential,  in  brining. 
By  following  the  directions  given  in  this  bulletin  it  will  be  possible 
to  make  up  brines  of  the  required  strength  without  the  use  of  this 
instrument.  Eesults  may  be  checked  up  readily,  however,  and  any 
changes  in  brine  strength  which  may  occur  from  time  to  time  de- 
tected by  the  use  of  the  salinometer.  The  salinometer  scale  is  gradu- 
ated into  100  degrees  which  indicate  the  range  of  salt  concentration 
between  0°,  the  reading  for  pure  water  at  60°  F.,  and  100°,  which 
indicates  a  saturated  salt  solution  (26^  per  cent).  By  reference  to 
Table  1  (page  20),  the  relation  between  salinometer  readings  and 
salt  percentages  may  be  readily  determined.  Salinometers  are  sold 
by  firms  dealing  in  chemical  apparatus  and  supplies  for  about  $1 

each. 

SALT  PICKLES. 

In  the  household,  where  pickles  usually  are  made  in  small  quan- 
tities, stone  jars  constitute  very  useful  receptacles.  A  4-gallon  jar, 
which  will  hold  approximately  12  pounds  (i  bushel)  of  cucumbers, 
is  a  convenient  size. 

Wash  the  cucumbers  if  dirty,  pack  them  in  the  jar,  and  cover 
with  6  quarts  of  a  10  per  cent  brine  (40°  on  salinometer  scale).  At 
the  time  of  making  up  the  brine,  or  not  later  than  the  following  day, 
add  more  salt  at  the  rate  of  1  pound  for  every  10  pounds  of  cucum- 
bers used,  ^  in  this  case  1  pound  and  3  ounces.  This  is  necessary  in 
order  to  maintain  the  strength  of  the  brine.  Cover  with  a  round 
board  or  plate  and  on  top  of  this  place  a  weight  heavy  enough  to 
keep  the  cucumbers  well  below  the  surface.  At  the  end  of  one  week 
and  of  each  succeeding  week  for  5  weeks  add  (in  this  case)  i  pound 
of  salt.  In  adding  salt  always  place  it  on  the  cover.  If  the  salt  is 
added  directly  to  the  brine  it  may  sink  to  the  bottom,  as  a  result  of 
which  the  salt  solution  at  the  bottom  would  be  very  strong,  while 
that  near  the  surface  might  be  so  weak  that  the  pickles  would  spoil. 
A  scum,  made  up  usually  of  wild  yeasts  and  molds,  will  form  on 
the  surface.  As  this  may  prove  injurious  by  destroying  the  acidity 
of  the  brine,  it  should  be  removed  by  skinuning. 

Oean,  water-tight  barrels  should  be  used  in  making  larger  quan- 
tities of  pickles.  With  a  barrel  holding  from  40  to  45  gallons,  pro- 
ceed as  follows :  Put  into  the  barrel  from  5  to  6  inches  of  a  40°  brine 
(Table  1,  page  20).  To  this  brine  it  is  well  to  add  1  quart  of  good 
vinegar.  In  this  brine  place  the  cucumbers  as  they  are  gathered. 
To  keep  the  cucumbers  below  the  brine,  put  a  loose  wooden  cover 
over  them  and  weight  it  with  a  stone  heavy  enough  to  bring  the  brine 
over  the  cover.    The  cucumbers  should  be  weighed  each  time  before 
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tbey  are  added.  Aft^  the  cover  and  stone  have  been  replaced  add 
to  the  brine  over  the  cover  1  pound  of  salt  for  every  10  pounds  of 
cucumbers  added. 

If  the  cucumbers  are  not  added  too  rapidly  it  will  be  unnecessary 
to  add  more  brine,  for  when  a  sufficient  weight  is  maintained  on 
the  cover  the  cuciunbers  make  thdr  own  brine.  If,  however,  the 
cucumbers  are  added  rapidly,  or  if  the  barrel  be  filled  at  once,  more 
brine  may  be  required.  In  such  a  case  add  a  sufficient  amount  of  the 
40°  brine  to  cover  the  cucumbers. 

When  the  barrel  is  full,  add  3  pounds  of  salt  each  we^  for  5  weeks 
(15  pounds  to  a  45-gallon  barrel).  In  adding  the  salt  place  it  on 
tiie  cover.  Added  in  this  way  it  goes  into  soluti<Hi  dowly,  insuring 
a  brine  of  uniform  str^igth  throughout  and  a  gradually  iiKH^asing 
salt  concentration.  Thus  shriveling  of  the  pickles  is  prevented  to  a 
great  extent  and  the  growth  and  activity  of  the  lactic  bacteria  are 
not  seriously  checked.  Stirring  or  agitation  of  the  brine  is  not 
advisable  and  may  be  harmful  for  the  reason  that  the  introduction 
of  air  bubbles  is  conducive  to  the  growth  of  ^oilage  bacteria.  The 
scum  which  forms  from  time  to  time  on  the  surface  should  be 
removed. 

If  the  cucumbers  are  kept  well  und^  the  brine  and  salt  is  added 
in  the  proportion  indicated,  it  will  not  be  necessary  to  exclude  the 
air  or  seal  in  any  manner. 

Pickles  prepared  in  this  way  are  known  as  salt  pickles  (or  salt 
stock) .  If  they  are  well  covered  by  the  brine  and  if  the  surface  re- 
mains clean  they  should  keep  indefinitely.  A  proper  curing  requires 
from  6  weeks  to  2  months  or  possibly  longer,  according  to  the  tem- 
perature at  which  it  is  carried  out  and  the  size  and  variety  of  cucum- 
bers used. 

AftOT  a  partial  soaking  in  water  to  remove  excess  of  salt,  these 
cucumbers  may  be  eaten  as  salt  pickles.  Many  prefer  them  in  this 
form.  Most  people,  however,  like  them  better  after  they  have  been 
given  an  additional  treatment  in  vinegar  alone,  or  in  vinegar  com- 
bined with  sugar  and  spices.  Whatever  the  fiinal  disposition,  pickles 
should  first  receive  this  perfect  curing  in  brine.  Attempts  to  use 
short  cuts  or  to  make  pickles  "  over  night,''  as  is  sometimes  advised, 
are  based  on  an  erroneous  conception  as  to  what  really  constitutes 
a  pickle. 

PROCESSING  AND  SORTING  SALT  PICKLES. 

After  being  cured  in  brine,  pickles  must  receive  a  processing  in 
water  to  remove  the  excess  of  salt.  If  they  are  to  be  used  as  salt 
pickles,  only  a  partial  processing  is  required.  If,  however,  they  are 
to  be  made  into  sour,  sweet,  or  mixed  pickles,  the  salt  should  be  to  a 
great  extent,  though  not  completely,  removed.    Pickles  keep  better 
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when  the  salt  is  not  entirely  soaked  out.  Under  factory  conditions, 
processing  is  readily  accomplished  by  placing  the  pickles  in  tanks, 
which  are  then  filled  with  water  and  subjected  to  a  current  of  steam, 
the  pickles  being  agitated  meanwhile.  In  but  few  homes,  however, 
is  the  equipment  for  such  treatment  available.  The  best  that  can  be 
done  is  to  place  the  pickles  in  a  suitable  vessel,  cover  them  with 
water,  and  heat  them  slowly  to  120^  -F.,  at  which  temperature  they 
Aould  be  held  for  from  10  to  12  hours,  being  stirred  frequently. 
The  water  is  then  poured  off,  and  the  process  repeated.  It  may  be 
necessary  to  repeat  it  several  times,  especially  if  the  pickles  are  large. 
The  number  of  times  can  be  determined  by  tasting  the  product. 

After  processing,  the  pickles  should  be  sorted,  an  important  step  in 
reference  to  their  further  treatment.  In  order  to  secure  the  best  ap- 
pearing product,  pickles  should  be  as  nearly  as  possible  of  imiform 
size.  At  least  three  sizes  are  recognized — small,  medium,  and  large. 
If  intended  for  bottling,  only  the  small  sizes  are  selected.  Fairly 
small  and  medium  sizes  are  well  adapted  to  the  making  of  sweet 
pickles.  The  larger  sizes  may  be  used  for  sour  and  dill  pickles.  Im- 
perfectly formed  pickles,  the  so-called  crooks  and  nubs,  can  be  well 
utilized  by  being  cut  up  and  added  to  mixed  pickles  or  other  combi- 
nations of  which  cucumbers  form  a  part. 

SOUR  PICKLES. 

After  pickles  have  been  processed  suflSciently,  drain  them  well,  and 
cover  them  at  once  with  vinegar,  using  a  good  clear  vinegar^  of  40 
to  60  grain  strength  (4  to  6  per  cent  of  acetic  acid).  If  fruit  vine- 
gars are  employed,  they  should  be  well  filtered  first,  to  remove  all 
sediment.  It  is  believed  that  a  40  or  45  grain  vinegar  gives  all  the 
sourness  that  is  desirable.  If,  however,  very  sour  pickles  are  pre- 
ferred, it  would  be  well  to  use,  at  first,  a  40  grain  vinegar,  and  after 
a  week  or  10  days  transfer  the  pickles  to  a  vinegar  of  the  strength 
desired. 

SWEET  PICKLES. 

In  order  to  make  sweet  pickles,  it  is  necessary  to  cover  the  cured 
and  processed  cucumbers  with  a  sweet  liquor,  made  by  dissolving 
sugar  in  vinegar,  with  the  addition  usually  of  spices.  For  this  pur- 
pose, a  good,  clear  vinegar  and  granulated  sugar  are  recommended. 
Other  forms  of  sugar  may  be  used  but  they  are  not  as  satisfactory. 
The  amount  of  sugar  taken  depends  upon  the  degree  of  sweetness 
desired.  It  may  vary  from  4  to  10  pounds  to  the  gallon  of  vinegar, 
6  pounds  to  the  gallon  usually  giving  satisfactory  results.  The  chief 
difficulty  in  making  sweet  pickles  is.  due  to  the  fact  that  they  often 
become  shriveled  and  tough.    This  danger  increases  with  the  sugar 

^Miny  pickle  manufactarers  prefer  to  use  dlstiUed  Tinegar,  for  the  reason  that  it  ia 
eolorieM  and  free  from  aediment. 
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oancentration  of  die  liquor,  and  usually  can  be  avoided  by  oovering 
the  pickles  first  with  a  plain  40  to  45  grain  vinegar,  adding  the 
sugar  10  days  later.  If  a  liquor  containing  more  than  4  pounds  of 
sugar  to  the  gallon  is  desired,  it  would  be  best  not  to  exceed  that 
amount  at  first,  but  gradually  add  sugar  until  the  desired  concentra- 
tion is  obtained.  If  a  saccharometer  is  at  hand  this  can  be  very  read- 
ily and  accurately  accomplished.  For  this  purpose  use  a  Brix  or  Ball- 
ing saccharometer  graduated  from  0°  to  70°.  A  reading  of  42°  on  Uw 
Balling  scale  would  indicate  a  sugar  concentration  of  approximately 
6  pounds  of  sugar  to  the  gallon  of  vinegar  (Table  3,  p.  21). 

Spices  are  practically  always  added  in  making  sweet  pickles. 
These  should  not,  however,  be  used  in  too  large  a  quantity.  The 
effect  of  too  much  spice,  especially  the  stronger  varieties,  like  pepptts 
and  cloves,  is  injurious  rather  than  beneficial.  One  ounce  of  whole 
mixed  spices  to  4  gallons  of  pickles  and  a  proportionate  amount  for  a 
less  quantity  is  ample.  As  spices  may  cause  cloudiness  of  the  vinegar, 
thfey  should  be  filtered  out  after  the  desired  flavor  has  been  obtained 
to  secure  the  best-appearing  product.  A  better  utilization  of  spice 
is  secured  by  the  aid  of  heat.  Add  the  required  amount  of  spioe 
to  the  vinegar  and  hold  at  the  boiling  point  for  not  longer  than 
one-half  hour.  Heating  too  long  causes  dark^iing  of  the  vinegar. 
Filter  out  the  spices  by  pouring  the  miicture  through  cheesecloth. 
If  considered  desirable  add  sugar  at  this  time  and  pour  at  once  over 
the  picldes. 

In  case  the  pickles  are  to  be  packed  in  bottles  or  jars,  after  such 
preliminary  treatment  as  may  be  required,  transfer  them  to  these 
containers,  and  cover  with  a  liquor  made  up  as  desired. 

MIXED  PICKLES. 

For  making  mixed  pickles  various  combinations  of  vegetables  are 
used,  depending  upon  the  mixture  desired  and  the  available  supply. 
In  addition  to  cucumbers,  onions,  cauliflower,  green  peppers,  toma- 
toes, and  beans  are  well  suited  to  this  purpose.  All  vegetables  which 
are  used  in  making  mixed  pickles  should  first  be  properly  cored  in 
brine,  just  as  in  the  case  of  cucumbers. 

For  making  mixed  pickles  very  small  vegetables  are  much  to  be 
preferred.  If  larger  ones  must  be  used,  they  should  first  be  cot  into 
pieces  of  a  desirable  and  uniform  shape  and  size. 

For  containers  use  wide-mouthed  bottles  or  jars.  Place  in  the 
bottom  of  each  a  small  amount  of  mixed  spice.  In  filling  the  bottle 
arrange  the  various  kinds  of  pickles  in  as  neat  and  orderly  a  manner 
as  possible.  The  appearance  of  the  finished  product  depends  lai^y 
upon  the  manner  in  which  they  are  packed  in  the  bottle.  Do  not 
fill  the  bottles  entirely. 
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If  amor  piddfi6  axt  deBured,  fill  the  bottles  compleitdy  in^  a  40 
ignm  vmegar.  If  sweet,  fill  witii «  liquor  made  by  disBolying  from 
4  to  6  pounds  of  sugBr  in  a  gallan  of  vinegan 

Seal  tigixt  and  label  properly.  If  wood  eorkB  are  used  ior  sealing, 
th^  should  first  be  dipped  iniiot  paraffin. 

DILL  PICKLES. 

The  method  for  making  dill  pickles  differs  from  that  for  making 
salt  pickles  in  two  important  particulars:  (1)  A  much  weaker  brine 
is  used,  and  (2)  spices  are  added,  chief  of  which  is  dill.  Dill  herb, 
£ke  entire  stalk  of  which  is  used,  gives  a  distinctive  flavor  to  pickles. 

By  reason  of  the  weaker  salt  concentration,  a  much  more  rapid 
curing  of  the  pickles  takes  place.  As  a  result  they  can  be  made 
ready  for  use  in  about  half  the  time  required  for  ordinary  brined 
picUes.  Tliis  shortening  of  the  period  of  preparation,  however,  is 
gained  at  the  expense  of  the  keeping  quality  of  the  product.  For 
this  reason  it  is  necessary  to  resort  to  measures  which  will  prevent 
spoilage. 

For  making  dill  pickles  in  the  home,  use  stone  jars,  or  clean^ 
water-tight  kegs  or  barrels.  If  a  l-gallon  jar  is  used,  proceed  as 
follows:  Place  in  the  bottom  a  layer  of  dill  and  i  ounce  of  mixed 
spice.  Then  fill  the  jar  to  within  two  or  three  inches  of  the  top  with 
washed  cucumbers  which  are  as  imiform  in  size  as  possible.  Add. 
another  |  ounce  of  spice  and  layer  of  dill.  If  they  can  be  obtained, 
it  is  a  good  plan  to  place  over  the  top  a  layer  of  grape  leaves.  In 
feet,  it  would  be  well  to  place  these  at  both  the  bottom  and  top. 
They  make  a  very  suitable  covering  and  have  been  found  to  have  a 
greening  effect  on  the  pickles.  Pour  over  the  pickles  a  brine  made  up 
as  follows:  Salt,  1  pound;  vinegar,  |  quart;  and  water,  10  quarts. 
Cover  with  a  board  cover  or  plate  with  sufficient  weight  on  top  to 
hold  the  cucumbers  well  below  the  brine.  If  the  cucumbers  are 
packed  at  a  suitable  temperature  (about  86°  F.),  an  active  fermenta- 
tion will  at  once  set  in.  This  should  be  completed  in  from  10  days  to 
8  weeks,  if  a  temperature  of  about  86®  F.  is  maintained.  A  scum  soon 
forms  on  the  surface.  This  consists  usually  of  wild  yeasts,  but  often 
contains  molds  and  bacteria,  and  should  be  skimmed  off. 

After  active  fermentation  has  ceased,  it  is  necessary  to  protect  the 
pickles  in  some  way  against  spoilage.  This  may  be  done  in  one  of 
two  ways :  (1)  Cover  with  a  layer  of  paraffin.  This  should  be  poured 
while  hot  over  the  surface  or  as  much  of  it  as  is  exposed  around  the 
edges  of  the  board  cover.  When  cooled  this  forms  a  solid  coating 
which  effectually  seals  the  pickles.  (2)  Seal  the  pickles  in  glass  jars 
or  cans.    As  soon  as  it  is  found  that  they  are  sufficiently  cured,  which 
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may  be  determined  by  their  agreeable  flavor  and  dark-green  color, 
transfer  them  to  glass  jars  (2-quart  size),  and  fill  with  a  fresh  brine 
made  as  directed.  Add  a  small  amount  of  dill  and  spice.  In  this 
case  it  is  well  to  bring  the  brine  to  a  boil,  and,  after  cooling  slightly, 
pour  it  over  the  pickles.    Seal  the  jars  tight 

In  this  connection  it  may  be  well  to  call  attention  to  the  fact  that 
in  no  case  should  a  hot  brine  be  used  at  the  start  of  a  fermentation. 
In  all  probability  the  hot  brine  would  kill  the  organisms  present, 
thus  preventing  any  fermentation. 

The  plan  of  preserving  dill  pickles  by  sealing  in  jars  has  the 
merit  of  permitting  the  use  of  a  small  quantity  without  the  necessity 
of  opening  up  and  again  restating  a  large  bulk,  as  is  the  case  when 
pickles  are  packed  in  large  containers  and  sealed  with  paraffin. 

If  it  is  desired  to  put  up  dill  pickles  in  barrel  lots,  select  none  but 
clean,  tight  barrels.  Anything  in  the  barrels  which  would  give  the 
pickles  an  "  off  "  flavor  must  be  removed.  A  careful  observance  of 
this  precaution  may  sj^ve  much  trouble  and  disappointment. 

Fill  the  barrel  with  washed  cucmnbers,  adding  from  6  to  8  pounds 
of  green  or  brined  dill,  or  half  that  amount  of  dry  dill,  and  1  quart 
of  mixed  spices.  If  brined  dill  is  used,  it  is  well  to  add  about  2  <]uarts 
of  the  dill  brine.  The  dill  and  spices  should  be  evenly  distributed  at 
the  bottom,  middle,  and  top  of  the  barrel.  Also  add  1  gallon  of  good 
vinegar.^  Head  up  tight  and  through  a  hole  bored  in  the  head  fill  the 
barrel  with  a  brine  made  by  adding  salt  in  the  proportion  of  i  pound 
to  the  gallon  of  water.  Add  brine  until  it  overflows  the  head  and  is 
level  with  top  of  the  chimb.  This  level  should  be  maintained  by  add- 
ing brine  from  time  to  time  as  required.  Remove  the  scum  which 
soon  forms  on  the  surface.  During  the  period  of  active  fermenta- 
tion the  barrel  should  be  kept  in  a  warm  place,  and  the  hole  in  the 
head  should  remain  open  to  allow  gas  to  escape.  When  active  fer- 
mentation is  over,  as  indicated  by  the  cessation  of  bubbling  and 
frothing  on  the  surface,  the  barrel  may  be  plugged  up  tight  and 
placed  in  storage,  preferably  in  a  cool  place.  It  is  well  to  bear  in 
mind,  however,  that,  on  account  of  leakage  and  other  causes,  the 
brine  in  a  barrel  of  pickles  may  recede  at  any  time.  Occasional 
inspection,  therefore,  should  be  made  to  determine  (Jiis  matter,  and, 
if  necessary,  more  brine  added.  Pickles  put  up  in  this  way  should  be 
ready  for  use  within  about  6  weeks. 

^The  addition  of  ylnogar  is  not  essential  in  the  making  of  dill  pickles,  and  many 
prefer  not  to  use  it.  Its  use,  however,  in  the  proportion  indicated  wonld  be  Ikvorable  to 
the  growth  of  the  lactic  bacteria  and  at  the  same  tjme  would  be  inhlbltiye,  to  some  extokt 
St  least,  to  the  growth  of  spoilage  organisms.  Its  nse,  therefore,  is  to  be  regarded  with 
fltyor.  Some  prefer  also  to  omit  the  use  of  mixed  spices  for  the  reason  that  they  inter- 
fere with  the.  dlstlnctiTe  flavor  of  the  dill  herb  which  by  many  is  considered  most 
deslrableu 
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In  caae  it  is  desired  to  hold  the  pickles  in  storage  for  a  long  time, 
it  would  be  advisable  to  use  a  brine  somewhat  stronger  than  that 
iadicated.  A  28°  brine,  made  by  adding  10  ounces  of  salt  to  a  gallon 
of  water,  is  used  for  this  purpose.  Pickles  packed  in  a  brine  of  this 
strength  will  keep  a  year  if  the  barrels  are  kept  filled  and  in  a  cool 
place.  The  important  Victor  in  preserving  pickles  put  up  in  a  weak 
brine,  such  as  is  ordinarily  used  for  dill  pickles,  is  the  exclusion  of 
air.  When  put  up  in  tight  barrels  this  is  accomplished  by  keeping 
the  barrels  entirely  filled  with  brine. 

SAUERKRAUT. 

Fermented  salt  cabbage,  commonly  called  sauerkraut,  is  a  form 
of  food  which  has  much  to  commend  it  to  popular  favor.  The  making 
of  sauerkraut  offers  a  good  means  of  utilizing  surplus  stocks  of 
cabbage  and  at  the  same  time  affords  a  food  which  to  most  people 
is  both  palatable  and  wholesome.  It  also  enables  the  housewife  to 
carry  over  into  the  winter  months  a  form  of  vegetable  food  which 
helps  to  vary  the  diet  at  a  time  when  this  often  consists  too  largely 
of  meat. 

For  making  sauerkraut  in  the  home  4-  or  6-gallon  stone  jars  con- 
stitute the  best  containers,  unless  very  large  quantities  are  desired,  in 
which  case  kegs  or  barrels  may  be  used. 

Select  only  mature,  sound  heads  of  cabbage.  After  removing  all 
decayed  or  dirty  leaves,  quarter  the  heads  and  slice  off  the  core  por- 
tion. For  shredding,  one  of  the  hand  shredding  machines  which  can 
be  obtained  on  the  market  is  much  the  best,  although  an  ordinary 
slaw  cutter  or  a  large  knife  will  do. 

In  making  sauerkraut  the  fermentation  is  carried  out  in  a  brine 
•  made  from  the  juice  of  the  cabbage  which  is  extracted  by  the  action 
of  salt  One  pound  of  salt  for  every  40  pounds  of  cabbage  makes 
the  proper  strength  of  brine  to  produce  the  best  results.  This  may 
be  distributed  as  the  cabbage  is  packed  in  the  jar  or  it  may  be  mixed 
with  the  shredded  cabbage  before  being  packed.  Thus,  the  distribu- 
tion of  2  ounces  of  salt  with  every  5  polmds  of  cabbage  probably  is 
the  best  way  to  secure  an  even  distribution.  The  eabbage  should  be 
packed  firmly  but  not  too  tightly  in  the  jar  or  k^.  When  full,  cover 
with  a  clean  cloth  and  a  board  cover  or  plate.  On  the  cover  place  a 
weight  heavy  enough  to  cause  the  brine  to  come  up  to  the  cover. 
If  the  jar  is  kept  at  a  temperature  of  about  86®  F.,  fermentation  will 
start  promptly.  A  scum  soon  forms  on  the  surface.  As  it  tends  to 
destroy  acidity  and  may  injure  the  cabbage  beneath,  it  should  be 
Aimmed  off  from  time  to  time.  If  kept  at  the  temperature  indicated 
the  fermentation  should  be  completed  in  from  6  to  8  days. 

A  well-fermented  sauerkraut  should  show  a  normal  acidity  of  ap- 
proximately -f-20  or  a  lactic  acid  percentage  of  1.8  (p.  21). 
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After  fermentation  is  complete,  the  kraut  should  be  set  in  a  cool 
place.  If  the  cabbage  is  fermented  late  in  the  fall  or  if  it  can  be 
stored  in  a  very  cool  place,  it  may  not  be  necessary  to  do  more  than 
keep  the  surface  skimmed  and  protected  from  insects,  etc.  Other- 
wise, it  will  be  necessary  to  resort  to  measures  to  prevent  spoilage. 
This  may  be  done,  as  suggested  in  the  case  of  dill  pickles,  by  one  of 
two  methods:  (1)  A  layer  of  hot  paraflSn  may  be  poured  over  the 
surface,  or  as  much  of  it  as  is  exposed  around  the  cover.  Properly 
applied  to  a  clean  surface,  this  effectually  seals  the  jar  and  protects 
the  contents  from  contamination.  (2)  After  the  fermentation  is 
complete,  pack  the  kraut  in  glass  jars,  adding  enough  of  the  kraut 
brine,  or,  in  lieu  of  this,  a  weak  brine  made  by  adding  1  ounce  of  salt 
to  a  quart  of  water,  to  completely  fill  the  jars.  Seal  the  jars  tight, 
and  set  them  away  in  a  cool  place.  This  method  of  preserving  sauer- 
kraut just  as  in  the  case  of  dill  pickles  is  much  to  be  preferred.  Kraut 
properly  fermented  and  stored  in  this  way  has  been  found  to  keep 
throughout  a  season  in  good  condition.  When  made  commercially 
where  conditions  and  length  of  storage  can  not  be  controlled  the  use 
of  heat  in  the  process  of  canning  is  essential. 

FERMENTATION  AND  SALTING  AS  A  MEANS  OF  PRESERVING 

VEGETABLES. 

Vegetables  other  than  cucumbers  and  cabbage  may  be  preserved  by 
means  of  a  lactic  fermentation  in  brine.  This  may  be  accomplished  by 
either  of  the  two  methods  already  discussed,  namely,  fermentation  in 
brine  produced  by  dry  salting  or  fermentation  in  an  added  brine. 

The  first  method,  of  course,  is  applicable  only  to  those  vegetables 
which  contain  a  sufficient  amount  of  water  to  make  their  own  brine. 
The  best  example  of  this  is  found  in  cabbage  (p.  16).  String  beans, 
however,  if  young  and  tender,  may  well  be  preserved  in  this  way.  To 
do  this,  remove  tips  and  strings,  and,  if  large,  break  into  two  pieces. 
Use  3  per  cent  salt. 

Many  vegetables  can  be  well  fermented  in  an  added  brine.  This 
is  the  only  plan  available  f6r  those  which  do  not  contain  enough 
water  to  make  their  own  brine.  For  this  purpose  use  a  brine  made 
by  adding  ^  pound  of  salt  and  ^  pint  of  vinegar  to  a  gallon  of  water. 
Dill  and  spices  may  be  added,  if  desired.  String  beans,  green  toma- 
toes, beets,  chayotes,  peas  (shelled),  and  corn  (on  cob)  may  be  pre- 
served in  this  way.  To  preserve  vegetables  successfully  in  this  way, 
follow  the  general  directions  given  for  making  dill  pickles  (p.  13). 

Another  method  which  may  be  chosen  for  preserving  vegetables 
is  that  of  dry  salting  without  fermentation.  To  do  this,  sufficient 
salt  must  be  added  to  prevent  all  bacterial  action.  Wash  and  weigh 
the  vegetables.  Then  mix  with  them  thoroughly  one-fourth  their 
weight  of  salt.    If  after  the  addition  of  pressure  not  enough  brine  to 
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cover  the  product  is  formed;  add  brine  made  by  dissolving  1  pound 
of  salt  in  2  quarts  of  water.  As  soon  as  bubbling  ceases,  protect  the 
surface  by  covering  with  paraffin.  Com  can  be  well  preserved  in 
this  way.  It  is  first  husked  and  the  silk  removed,  after  which  it  is 
cooked  in  boiling  water  for  10  minutes  to  set  the  milk.  The  com 
is  then  cut  from  the  cob  with  a  sharp  knife,  weighed,  and  packed  in 
layers  with  one-fourth  its  weight  of  fine  salt  This  me(hod  is  espe- 
cially well  adapted  to  those  vegetables  in  which  the  sugar  content  is 
too  low  to  produce  a  successful  fermentation,  such  as  chard,  spinach, 
and  dandelions. 

The  methods  of  food  preservation  outlined  are  not  necessarily  lim- 
ited to  vegetables.  Solid  fruits,  like  clingstone  peaches  and  Kieffer 
pears,  can  be  preserved  in  an  80°  brine  for  as  long  as  6  months,  when, 
after  the  salt  has  been  soaked  out,  they  may  be  worked  up  into 
desirable  products  by  the  use  of  spices,  vinegar,  sugar,  etc.  Soft 
fraits,  like  Elberta  peaches  and  Bartlett  pears,  are  best  preserved  in 
a  weak  vinegar  (2  per  cent  acetic  acid).^ 

The  preservation  of  vegetable  foods  by  lactic  fermentation  in  brine 
and  by  dry  salting  is  not  to  be  reconmiended  indiscriminately. 
Bather  is  this  plan  to  be  regarded  in  the  light  of  an  emergency  meas- 
ure. Experiments  have  shown  very  clearly  that  foods  preserved 
by  these  methods  lose  decidedly  in  nutritive  value  as  well  as  in  nat- 
ural flavor  by  the  time  they  are  ready  for  use.  With  the  exception 
of  the  making  of  pickles  and  sauerkraut  from  cucimibers  and  cabbage, 
where  fermentation  is  always  to  be  regarded  as  a  useful  and  desirable 
method  of  utilization,  canning,  as  a  rule,  offers  a  better  means  of 
preserving  both  vegetables  and  fruits,  because  in  this  way  the  nutri- 
tive constituents  and  natural  flavors  of  the  food  are  more  completely 
retained.  Often,  however,  because  of  lack  of  time,  a  shortage  of 
cans  or  an  oversupply  of  a  product,  canning  is  out  of  the  question. 
Under  such  conditions  the  possibilities  of  utilization  by  means  of 
brining  or  salting  should  always  be  considered. 

CAUSES  OF  FAILURE  AND  HOW  TO  AVOID  THEM. 

A  soft  or  slippery  condition  is  one  of  the  most  conamon  forms  of 
spoilage  in  making  pickles.  This  is  the  result  of  bacterial  action, 
and  always  occurs  when  pickles  are  exposed  above  the  brine  and 
very  often  when  the  brine  is  too  weak  to  prevent  the  growth  of  spoil- 
age organisms.  Prevention  lies  in  keeping  the  pickles  well  below  the 
brine  and  the  brine  at  the  proper  strength.  Experiments  have 
shown  that  in  order  to  insure  the  keeping  of  pickles  for  more  than 

^Report  of  an  inTestlgation  made  in  the  Bureau  of  Chemistry  on  the  utilization  of 
brined  products,  by  Rhea  C.  Scott,  1919. 
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a  very  few  weeks  a  brine  should  contain  10  per  cent  of  salt.  Onc« 
pickles  have  become  soft  or  slippery  as  a  result  of  bacterial  action, 
no  form  of  treatment  will  restore  them  to  a  normal  condition. 

Hollow  pickles  sometimes  occur  during  the  process  of  curing. 
This  is,  indeed,  one  of  the  most  frequent  causes  of  failure  in  pickle 
making.  This  condition  does  not,  however,  mean  a  total  loss,  as  in 
the  case  of  ^ftening,  for  the  reason  that  such  pickles  may  be  utilized 
in  the  making  of  mixed  pickles  or  certain  foruES  of  relish«  Holloi^ 
pickles  are  generally  believed  to  be  the  result  of  a  faulty  develop-i 
ment  or  nutrition  of  the  cucumber.  While  there  are  good  reasons 
to  believe  that  this  trouble  is  inherent  in  the  cucumber,  there  is  also 
a  strong  probability  that  faulty  methods  may  contribute  to  this  con- 
dition. One  of  these  is  allowing  too  long  a  time  to  intervene  be^ 
tween  gathering  and  brining.  This  period  should  not  exceed  34 
hours. 

Hollow  pickles  frequently  becwne  floaters.  Sound  cucumbers  when 
properly  cured  do  not  float,  but  any  condition  which  operates  to 
lower  their  relative  weight — such  as  gaseous  distention — ^may  cause 
them  to  rise  to  the  surface. 

The  use  of  so-called  hard  waters  should  be  avoided  in  making  up 
a  brine.  The  presence  of  large  amounts  of  calcium  salts  and  possiMy 
of  other  salts  found  in  many  natural  waters  may  prevent  the  proper 
acid  formation  and  thus  interfere  with  a  normal  curing  of  the  picldesi 
The  addition  of  a  small  amount  of  vinegar  serves  to  overcome  alka- 
iinity  and  is  valuable,  especially  where  hard  water  must  be  used  in 
making  up  brine  (p.  9).  Iron,  if  present  in  any  appreciable  amount 
is  very  objectionable.  The  presence  of  iron,  under  certain  conditions, 
may  cause  a  blackening  of  the  pickles. 

ShrweUng  of  pickles  often  occurs  when  ih&j  have  been  placed  at 
once  in  very  strong  salt  or  sugar  solutions  or  even  in  very  statMig 
vinegars.  For  this  reason  such  solutions  are  to  be  avoided  so  far  as 
possible.  When  their  use  is  desirable,  the  piddes  should  first  be 
given  a  preliminary  treatment  in  a  weaker  solution.  This  difficulty 
is  most  often  encountered  in  the  making  of  sweet  pickles.  The 
presence  of  sugar  in  high  concentrations  is  certain  to  cause  shriveling 
unless  proper  precautions  are  taken.  These  have  already  been  dia^ 
cussed  (p.  11). 

Perhaps  the  most  common  cause  of  failure  in  making  sauerkraut 
is  the  use  of  too  much  salt.  A  wide  experience  has  shown  that  the 
proper  amount  is  2^  per  cent  by  weight  of  the  cabbage  packed. 
When  cabbage  is  to  be  fermented  in  very  warm  weather,  it  may  be 
expedient  to  use  a  somewhat  larger  percentage  of  salt.  As  a  rule, 
however,  this  should  not  exceed  3  per  cent.  In  applying  the  salt, 
care  should  be  taken  to  see  that  it  is  evenly  distributed.  Red  streaks 
which  sometimes  occur  in  sauerkraut  are  believed  to  be  due  to  an 
uneven  distribution  of  salt.  ^  j 
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Spoilage  of  the  top  layers  of  vegetables  fermented  in  brine  is  very 
sore  to  occur  unless  the  setun  which  forms  on  the  surface  is  fre- 
quently removed.  This  scum  is  made  up  of  wild  yeasts,  molds,  and 
certain  bacteria,  which,  if  allowed  to  remain,  attack  and  break  down 
the  vegetables  beneath.  They  may  also  weaken  the  acidity  of  the 
brine,  in  which  way  they  are  conducive  to  spoilage.  The  fact  that 
the  top  layers  have  spoiled  does  not  necessarily  mean,  however,  that 
the  entire  contents  of  the  vessel  are  spoiled.  The  molds  and  other 
organisms  which  cause  the  foiling  do  not  penetrate  rapidly  to  the 
lower  layers.  The  part  found  in  good  condition  may  commonly 
be  saved  by  carefully  removing  the  spoiled  material  from  the  top, 
adding  a  little  fresh  brine,  and  pouring  hot  parafiin  over  the  surface. 

Temperature  has  an  important  bearing  on  the  success  of  a  lactic 
fermentation.  It  has  been  found  that  the  bacteria  which  are  es- 
sential in  the  fermentation  of  vegetable  foods  manifest  their  greatest 
activity  at  a  temperature  of  approximately  86"*  F.,  and  that  as  the 
temperature  falls  below  this  point  their  activity  correspondingly 
diminishes.  It  is  essential,  therefore,  that  at  the  start  and  during  the 
active  stages  of  a  fermentation  these  foods  be  kept  as  nearly  as  pos- 
sible at  86*  F.  This  is  especially  to  be  kept  in  mind  in  connection 
with  the  production  of  sauerkraut,  which  is  often  made  in  the  late 
fall  or  winter.  A»  a  result  of  too  low  a  temperature  the  fermenta- 
tion may  be  much  retarded  or  even  an  entire  failure. 

After  the  active  stages  of  a  fermentation  have  passed,  the  food 
should  be  stored  in  a  cool  place.  Low  temperatures  always  are 
cofidueive  to^  the  preservation  of  food  products. 

COLORING  AND  HARDENING  AGENTS. 

In  order  to  secure  a  better  looking  product,  the  practice  prevails 
in  some  households  of  greening  pickles  by  heating  them  with  vinegar 
in  a  copper  vessel.  Experiments  have  shown  that  pickles  treated 
in  this  way  take  up  very  appreciable  amounts  of  the  copper  acetate 
thus  formed.  All  the  copper  salts  are  more  or  less  toxic  agents.  By 
a  ruling  of  the  Secretary  of  Agriculture,  made  July  12,  1912,  foods 
greened  with  copper  salts  are  to  be  regarded  as  adulterated,  and  as 
such  are  subject  to  action  under  the  provisions  of  the  Food  and 
Drugs  Act  of  June  30, 1906. 

Alum  is  much  used  and  recommended  for  the  purpose  presumably 
of  producing  a  greater  degree  of  firmness  in  pickles.  The  use  of 
alum  in  connection  with  food  products  is  of  doubtful  expediency,  to 
say  the  least.  If  the  proper  methods  are  followed  in  preparing 
pickles,  the  salt  and  acids  in  the  brine  will  produce  the  desired  degree 
of  firmness.  The  use  of  altmi  or  any  other  hardening  agent  is  be- 
lieved to  be  unnecessary. 
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MISCELLANEOUS  INFORMATION. 


Table  1. — Salt  percentages^  correiponding  salinometer  readings^  and  amount  of  toft 
^  rehired  to  make  6  qriarU  of  brine. 


Salt  In 
solution. 

Salino- 
meter 
reading. 

of  salt 

present  in 

6  quarts 

ctf  Pushed 

brine. 

Salt  in 
solution. 

Salino- 
meter 
reading. 

Amount 

of  salt 

present  in 

6  quarts 

of  finished 

brine. 

Per  cent, 
L06 
2.12 
3.18 
4.24 
5.3 
6.36 
7.42 

DegreeM, 

8 
12 
16 
20 
24 
28 

Ovneet, 
2 
4} 
^ 

Si 
11 
13 
14i 

PereenL 
a  48 
9.54 

10.6 

15.9 

21.2 

26.5 

Degrees. 
32 
36 
40 
60 
80 
100 

Onncet. 
18 
20 
22i 
35 
48 
64 

The  figures  given  in  the  first  two  columns  of  Table  1  are  correctly 
'  stated.  Those  in  the  last  column  are  correct  within  the  possibilities 
of  ordinary  household  methods.  In  making  up  a  brine  from  this 
table,  first  dissolve  the  required  amount  of  salt  in  a  smaller  volume 
of  water,  then  add  water  to  make  up  as  nearly  as  possible  to  the 
required  6  quarts, 

I  One  pound  of  salt  dissolved  in  9  pints  of  water  makes  a  solution 
with  a  salinometer  reading  of  40°,  or  approximately  a  10  per  cent 
brine.  In  a  brine  of  this  strength  fermentation  proceeds  somewhat 
slowly.  Pickles  kept  in  a  brine  maintained  at  this  strength  will  not 
spoiL  One-half  pound  of  salt  dissolved  in  9  pints  of  water  makes 
approximately  a  5  per  cent  brine  with  a  salinometer  reading  of  20°. 
A  brine  of  this  strength  permits  a  rapid  fermentation,  but  vegetables 
kept  in  such  a  brine  will  spoil  within  a  few  weeks  unless  air  is  ex- 
cluded. 

A  brine  in  which  a  fresh  egg  just  floats  is  approximately  a  10 
per  cent  solution. 

Fermentation  takes  place  fairly  well  in  brines  of  40°  strength,  and 
will,  to  some  extent  at  least,  up  to  60°.  At  80°  all  fermentative 
action  ceases. 

The  amount  of  brine  necessary  to  cover  vegetables  is  equal  to  about 
one-half  of  the  volume  of  the  material  to  be  fermented.  For  exam- 
ple, if  a  5-gallon  keg  is  to  be  packed,  2j^  gallons  of  brine  are  required. 

Tablb  2. — Freezing  point  of  brine  at  different  salt  concentrations. 


SaUno- 

Freezing 

Salt. 

meter 

tempera- 

reading. 

ture. 

PereenL 

Degrees. 

•F. 

5 

20 

25.2 

10 

40 

18.7 

15 

60 

12.2 

20 

80 

6.1 

25 

100 

0.5 
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Tablb  3. — Density  of  9ugar  Bvrup. 
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Quantity  of  sugar 
for  each  gallon 

Quantity  of  sugar 

Density. 

Density. 

for  each  gallon  of 

of  water.* 

of  water.* 

Degreet  Brix 

*  Degrees  Bris 

orBaUinff. 

Lb$.      Ou, 

or  BalHng. 

Lb9,       Off. 

5 

7 

35 

4      7.75 

10 

14.8 

40 

5      8.75 

15 

1      7.5 

45 

6    13 

20 

1    14.75 

50 

8      5.25 

25 

2    12.5 

55 

10      4 

30 

3      9 

60 

12      8 

^  1  When  Tiiiesar  is  used,  the  equlTalent  saccharometer  reading  would  be  about  2  degrees  higher  than  that 
Minted  in  the  table. 

Table  4. — Number  of  pickles  of  various  sizes  required  to  make  a  gallon. 


Size. 

Variety. 

Number  to 
a  gallon. 

1  to  2  inches 

Gherkins  * 

250  to  650 

2  to  3  inches 

Small  pickles 

Medium  pickles 

Large  picKles 

130  to  250 

S  to  4  inches 

40  to  130 

4  inches  and  over .   . 

12to   ^ 

1  Small  pickles  are  osoally  designated  as  gherkins.    Those  of  very  small  size  are  sometimes  called  midgets. 

The  maximum  degree  of  acidity  formed  by  a  lactic  fermentation 
of  vegetables  in  brine  varies  from  0.25  to  2  per  cent.  The  maxi- 
mum acidity  is  reached  at  or  soon  after  the  close  of  the  active  stage 
of  fermentation.  After  this  period  the  amount  of  acid  usually  de- 
creases slowly.  The  stage  of  active  fermentation  continues  for  from 
1  to  3  weeks,  depending  upon  the  temperature,  strength  of  brine,  etc. 
During  this  period  gas  is  formed,  and  more  or  less  froth  appears  on 
the  surface,  due  to  the  ascent  of  gas  bubbles.  At  the  close  of  this 
period  the  brine  becomes  "  still." 

The  amount  of  acid  formed  depends  primarily  upon  the  sugar 
content  of  the  vegetables  fermented,  but  may  be  influenced  by  other 
&ctors.  The  fact  that  a  brine  has  become  acid  may  be  determined 
by  the  use  of  litmus  paper.  Blue  litmus  paper  dipped  in  an  acid 
brine  will  become  red.  This  does  not,  however,  give  definite  in- 
formation as  to  the  degree  of  acidity.  For  those  who  may  wish  to 
determine  accurately  the  degree  of  acidity  in  brines,  the  following 
mrthod  is  given: 

With  the  aid  of  a  pipette,  transfer  exactly  5  cc.  of  the  brine  to  a 
small  evaporating  dish.  To  this  add  45  cc.  of  distilled  water  and 
1  cc  of  a  0.5  per  cent  solution  of  phenolphthalein  in  50  per  cent  alco^ 


Digiti 


zed  by  Google 


22  Formes'  B\M€tin  i159. 

hoi.  Then  run  in  slowly  a  1/20  normal  sodium  hydrate  solution. 
This  is  best  done  by  the  use  of  a  25  cc.  burette  graduated  in  tenths. 
As  the  sodium  hydrate  is  being  added  stir  constantly,  and  note  care- 
fully when  the  entire  amount  shows  a  feiint  pink  tint.  This  indicates 
that  the  neutral  point  has  been  reached.  Head  off  carefully  the  exact 
amount  of  sodium  hydrate  required  to  neutralize  the  mixture  in  the 
dish.  This  number  multiplied  by  0.0&  gives  the  number  of  grams 
of  acid  per  100  cc,  calculated  as  lactic,  present  in  the  brine. 

This  same  method  can  be  used  to  determine  the  acid  strength  of 
vinegars.  In  this  case  multiply  by  0.06  to  ascertain  the  number  of 
grams  of  acetic  acid  per  100  cc.  present  in  the  vinegar. 

The  apparatus  and  chemicals  needed  for  this  test  can  be  obtained 
from  any  firm  dealing  in  chemical  apparatus  and  supplies. 
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How  To  Do  It 

T\0  YOU  WANT  practical  suggestions  on  how  to 
■■^  build  a  silo,  a  hog  house,  a  poultry  house,  a 
potato-storage  house,  or  how  to  make  a  fireless 
cooker,  or  other  farm  home  convenience?  Are  you 
seeking  ideas  on  how  to  prepare  vegetables  for  the 
table,  how  to  care  for  food  in  the  home,  how  to  bake 
bread  and  cake  and  other  appetizing  foods  in  an 
efficient  and  economical  manner?  Is  there  some 
practical  question  about  your  corn  or  wheat  or  cot- 
ton or  other  crops,  or  about  your  poultry  or  live 
stock,  to  which  you  are  seeking  an  answer?  The 
answers  to  thousands  of  such  questions,  and  prac- 
tical suggestions  for  doing  thousands  of  things  about 
the  farm  and  home,  are  contained  in  over  500  Farm- 
ers' Bulletins,  which  can  be  obtained  upon  applica- 
tion to  the  Division  of  Publications,  United  States 
Department  of  Agriculture,  Washington,  D.  C. 


WASHINGTOir  :  OOTBENMBNT  PBIlfTIHO  OIVIGB  :  IMH 

Digitized  by  VJi^^^VlV^ 


^/  f  /  //^  o 


DISEASES  OF  APPLES  IN 
STORAGE 


CHARLES  BROOKS,  J.  S.  COOLEY,  and 
D.  F.  FISHER 

Plathologista,  Office  of  Fruit-DiaMse 
InvesUgatioDs 


Scald  OQ  a  York  Imptuial  Apple 

FARMERS'  BULLETIN  1160 
UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 


Contribution  from  the  Bureau  of  Plant  Industry 
WM.  A.  TAYLOR.  Chief 


Waafaincrton,  D.  C. 


September.  1920 


Show  thia  buUetin  to  a  neighbor.    Additional  copiea  may  be  obtained  free  from  the 
Diviaion  of  Publicationa.  United  Statea  Department  of  Agriculture 


WAVHiNaroN  :  oov«rnmknt  ^rintinq  orrioa :  im* 


Digiti 


zed  by  Google  


STORAGE  DISEASES  take  a  heavy  annual  toll  on 
the  harvested  crop  of  apples,  greatly  reducing  an 
important  food  supply  and  increasing  the  cost  and 
uncertainty  of  market  operations. 

The  responsibility  for  this  loss  may  lie  with  the 
orchardist,  the  transportation  company,  the  dealer, 
or  the  storage  management 

Delay  in  warm  packing  sheds  or  cars  shortens  the 
natural  life  of  apples  and  greatly  increases  their 
tendency  to  rots  and  to  scald.  Filling  the  storage 
rooms  so  rapidly  that  cold-storage  temperatures  can 
not  be  maintained  has  a  similar  bad  effect 

Apple  rots  are  slow  to  start  at  a  temperature  of 
32°  F.,  but  if  a  beginning  has  been  made  at  a  higher 
temperature  they  can  proceed  much  more  rapidly. 

Ventilation  is  as  important  as  low  temperature  in 
the  prevention  of  scald.  Apples  that  receive  good 
aeration  when  delays  occur  in  handling  them  do  not 
have  their  tendency  to  scald  increased  by  the  delay. 
Ventilation  of  storage  rooms  is  of  great  value  in 
scald  prevention  when  the  air  within  the  package 
can  really  be  renewed,  but  this  is  a  difficult  thing  to 
accomplish  under  commercial  conditions. 

Apples  scald  far  less  when  in  boxes,  baskets,  or 
ventilated  barrels  than  in  the  usual  tight  barrel. 

Wrapping  apples  in  oiled  wrappers  furnishes  the 
most  complete  protection  against  scald. 
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PRINCIPLES  GOVERNING  DISEASE  CONTROL. 

THE  diseases  that  appear  on  apples  in  storage  and  upon  their 
removal  may  be  the  result  of  storage  conditions,  or  their  occur- 
rence may  have  been  predetermined  by  orchard  and  transportation 
conditions.  They  may  be  due  to  the  work  of  a  parasite  or  to  the 
direct  action  of  unfavorable  conditions  upon  the  fruit  itself.  Dis- 
eases like  scab  and  certain  rots  that  are  definitely  traceable  to  the 
action  of  particular  fungi  are  called  parasitic  diseases,  while  bitter- 
pit,  water-core,  and  scald  are  known  to  be  due  whoUy  to  abnormal 
physiological  conditions  in  the  fruit  itself,  and  are  called  nonpara- 
sitic or  physiological  diseases.  Both  parasitic  and  nonparasitic  dis- 
eases can  be  prevented  largely  by  proper  methods  of  growing  and 
handling  the  fruit,  but  each  diseAse  has  its  own  peculiar  laws  of 
behavior  upon  which  the  requirements  for  its  control  must  be  based. 

SCAB. 

Scab*  is  a  parasitic  disease  and  mainly  an  orchard  disease.  It 
can  be  largely  controlled  by  carrying  out  the  spraying  schedules 
that  have  been  developed  and  recommended  for  the  different  fruit 
sections.  It  is  particularly  serious  in  the  orchards  of  the  north- 
eastern United  States  and  in  those  of  the  humid  sections  of  the 
Pacific  Northwest,  but  it  also  occurs  at  the  higher  altitudes  as  far 
south  as  Virginia,  North  Carolina,  and  Arkansas. 

^  Venturia  inoequalis  (Cke)  Wint. 
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Scab  may  appear  on  the  picked  fruit  as  large  corky  or  dark  sooty 
spots  with  a  light-gray  margin  or  as  small  sooty  spots  or  specks  often 
irregular  in  outline  and  usually  without  the  gray  margin.     (Fig.  1.) 

The  latter  form  of  the  disease  is 
the  one  that  is  most  likely  to  pass 
into  storage  packages.  With  both 
the  large  and  small  spots  the  pro- 
tecting skin  is  broken  and  the 
apple  exposed  to  early  destruction 
by  the  rot  organisms.  Pink-rot 
and  blue  mold  are  among  the  most 
common  decays  that  follow  scab. 

Scab  sometimes  continues  to  de- 
velop in  storage,  but  the  character- 
istics of  the  spots  are  quite  differ- 
FiG.  1.— Scab  as  it  appears  at  picking    eut  from  those  found  at  picking 
time  on  a  White  Pearmain  apple.       ^ju^^^    They  are  smooth,  black,  and 

sunken,  sometimes  attaining  a  diameter  of  one-fourth  of  an  inch 
before  the  fungus  breaks  through  to  the  surface  or  causes  any  rough- 
ening of  the  skin.  The  development  of  the  scab  fungus  is  checked 
by  low  temperatures  and  ordinarily  makes  little  trouble  in  cold 
storage  except  as  a  source  of  rot  infections. 

BLOTCH. 

Blotch^  is  a  parasitic  orchard  disease.     It  can  be  controlled  by 
orchard  sanitation  and  properly  timed  spray  applications.     It  is 
a    serious    disease    only    in   the    more 
southern  orchards  of  the  Eastern  and 
Middle  States,  but  it  seems  to  be  grad- 
ually spreading  northward. 

Blotch  appears  on  the  fruit  as  hard 
brown  or  black  blotches  with  jagged 
margins.  The  cuticle  does  not  peel  off, 
as  with  scab,  but  the  protecting  skin 
layers  are  killed  and  often  broken  by 
fissures  and  cracks.  (Fig.  2.)  Badly 
blotched  apples  are  usually  discarded 
or  sold  for  immediate  use,  but  those 

with  a   few   small   spots   sometimes   get   Fio.    2.— Blotch    on    a    Ben    Davis 

into  storage.    The  disease  makes  little,  *^^^®' 

if  any,  development  at  cold-storage  temperature,  but  the  blotch  spots 
may  furnish  a  starting  point  for  storage  rots,  particularly  black-rot 
and  Alternaria  rot. 


^Phylloaticta   aolitaria   E.    and    B. 
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FRUIT-SPOT. 

Fruit-spot  ^  is  a  parasitic  disease  readily  controlled  by  midsummer 
spraying,  yet  often  found  in  abundance  oh  the  harvested  fruit.    It 
is  of  common  occurrence  in  the  orchards  of  the  Atlantic  coast  from 
Maine  to  North  Carolina,  and  it 
also  occurs  in  Ohio,  Missouri,  and 
Arkansas.     It  has   also  been   de- 
scribed   under    the    names    fruit- 
speck,  New  Hampshire  fruit-spot, 
and  flecked  spot,  and  is  sometimes 

referred    to    as    Brooks-spot    and  | 

included    in    the    term    Baldwin 
spot. 

The  spots  are  small,  seldom  hav- 
ing a  diameter  of  more  than  three- 
sixteenths  of  an  inch.     They  arc     „     ,      ^   .^      ^ 

,  .    _  ,  -         ,   ,.  .-   ''  Fig.  3. —  Fruit-spot  on  a  Grimes  appla 

more  highly  colored  than  the  nor- 
mal skin,  taking  a  deep  red  when  on  the  red  or  blush  areas  and  a  dark 
green  when  on  the  green  or  yellow  fruit  surfaces.    The  center  of 
the  spot  is  usually  specked  or  flecked  with  black,  giving  an  appear- 
ance that  does  not  occur  in  any  other  spot  disease.     (Fig.  3.)     This 

flecked  appearance  is  seen 
to  better  advantage  after 
a  very  thin  peel  has  been 
removed  from  the  apple. 
The  spots  are  shallow, 
usually  afl'ecting  only  the 
skin  tissue.  They  may  be 
slightly  sunken,  but 
usually  at  picking  time 
have  little  or  no  corky 
tissue. 

In  conunon  storage  the 
fruit  spots  may  become 
more  sunken  and  develop 
a  shallow  layer  of  corky 
tissue  beneath  and  the  in- 

Fto.  4. — Jonathan  spot  on  a  Jonathan  apple.  .  ,        . 

conspicuous  ones  develop 
so  that  the  spots  appear  more  numerous.  In  cold  storage  they 
make  no  evident  development.  With  fruit-spot  the  protecting 
skin  layer  is  not  destroyed,  and,  unlike  scab  and  blotch,  the  disease 
does  not  serve  as  a  source  of  rot  infection.     Apples  affected  with 


^  Phoma  pomi  Passer. 
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fruit-spot  need  not  be  discriminated  against  on  account  of  their 
keeping  quality  in  cold  storage. 


/•^  f»/^mpi  ^is(iv^  c  rywr/ 


JONATHAN  SPOT. 

Jonathan  spot  is  a  nonparasitic  disease  and  can  not  be  controUed 
by  spraying.  It  is  apparently  associated  with  a  varietal  weakness 
in  the  epidermal  tissue  of  the  apple.  It  is  particularly  common  on 
Jonathan  apples,  but  it  occurs  on  the  Stayman  Winesap,  Esopus 
{Esopus  Spitzeiiberg)  y  Wealthy,  Rome  Beauty,  and  a  number  of 
other  varieties.  The  disease  varies  with  the  season,  but  is  found  in  all 
sections  where  susceptible  varieties  are  grown. 
Jonathan  spot  appears  as  small  black  or  brown  spots  that  give  the 

apple  a  somewhat  freckled  appear- 
ance. (Fig.  4.)  In  the  earlier  and 
more  tj'pical  stages  of  the  disease  the 
spots  are  very  superficial,  usually  being 
entirely  removed  by  the  thinnest  pos- 
sible peel ;  later  they  may  become  some- 
what enlarged  and  develop  a  shallow 
layer  of  corky  tissue  immediately  be- 
neath. Jonathan  spots  differ  from 
those  of  either  fruit-spot  or  bitter-pit 
in  being  smaller  and  more  superficial 
and  in  having  a  solid  brown  color  and 
a  clear-cut  margin. 

Jonathan  spot  may  occasionally  ap- 
pear on  the  fruit  before  it  is  picked, 
but  the  main  development  of  the  dis- 
ease is  after  removal  from  the  tree.  In  general,  the  highly  colored 
apples  are  more  likely  to  be  affected  than  the  greener  ones,  but  in 
storage  the  greener  apples  sometimes  develop  a  large  proportion  of 
Jonathan  spot  that  closely  resembles  a  speckled  scald.  Large  apples 
usually  are  more  susceptible  to  the  disease  than  smaller  ones.  The 
disease  is  greatly  decreased  by  low  temperatures.  (Fig.  5.)  Fruit 
held  in  common  storage  has  been  found  badly  affected  with  Jonathan 
spot  at  the  end  of  two  weeks,  while  similar  fruit  placed  immediately 
in  cold  storage  has  been  entirely  free  from  the  disease  at  the  end  of  8 
weeks  and  practically  free  at  the  end  of  14  weeks.  Apples  that  have  a 
tendency  to  Jonathan  spot  sometimes  develop  the  disease  very  rapidly 
upon  removal  from  storage.  The  most  effective  means  of  control 
is  found  in  hastening  the  fruit  to  cold  storage  and  in  keeping  it  as 
cool  as  possible  after  removal.  Jonathan  spots  furnish  a  point  of 
infection  for  Altemaria  and  other  rot  organisms. 


Fig.  5. — Effect  of  temperature  on 
the  development  of  Jonathan  spot 
on  apples.  The  upper  part  of 
the  figure  shows  the  percentage 
of  .Jonathan  spot  developed  at  the 
different  temperatures  at  the  end 
of  7  weeks ;  the  lower  part  shows 
the  percentage  developed  at  the 
end  of  14  weeks.  At.  OS"  F.  the 
apples  had  rotted  before  the  sec- 
ond record  was  taken. 
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BITTER-PIT. 

Bitter-pit  is  a  nonparasitic  disease,  apparently  due  to  an  exces- 
sive water  supply  late  in  the  season  or  to  related  derangements  in 
soil-moisture  conditions.  It  occurs  on  apples  in  all  sections  of  the 
United  States  and  is  a  serious  disease  in  Europe,  South  Africa,  and 
Australia. 

Bitter-pit  has  also  been  described  under  the  names  Stippen,  Bald- 
win spot,  and  fruit-pit.  In  the  United  States  the  Baldwin,  Grimes, 
Northern  Spy,  and  Rhode  Island  Greening  varieties  are  particu- 
larly siisceptible  to  the  disease. 

The  disease  is  characterized  by  the  development  of  small  brown 
spots  or  streaks  in  the 
flesh  of  the  apple,  most 
abundant  just  beneath 
the  skin.  (Fig.  6.) 
The  spots  are  associ- 
ated with  the  water- 
conducting  strands  and 
sometimes  follow  this 
tissue  deep  into  the 
flesh.  The  disease  is 
usually  evident  on  the 
surface  of  the  apple  as 
sunken,  bruiselike  spots 
that  somewhat  resemble 
hail  injury.  At  first 
these   spots  have   a 

water-soaked      appear-      ^'^"  ®* — Bltter-plt  on  a  Grimes  apple  as  seen  in  cross 
1.    XI   A      j,\.  section. 

ance,  but  later  they  may 

become  more  highly  colored  than  the  surrounding  skin,  taking  a 
deep  red  when  on  a  blush  area  and  retaining  a  bright  green  when 
on  a  green  or  yellow  fruit  surface.  They  finally  become  a  deep 
brown  and  are  much  simken,  giving  the  apple  a  badly  pitted  appear- 
ance. Bitter-pit  is  confined  almost  entirely  to  the  blossom  half  of 
the  apple.  It  differs  from  Jonathan  spot  and  fruit-spot  in  this 
respect,  and  also  in  the  fact  that  the  spots  are  bruiselike,  more 
sunken,  contain  more  dead-brown  tissue,  and  are  more  deeply  seated. 
Jonathan  spots  and  fruit  spots  are  usually  entirely  removed  in 
peeling  an  apple,  but  the  bitter-pit  spots  are  cut  into  and  made  more 
evident. 

Bitter-pit  is  largely  due  to  some  overstimulation  of  the  fruit  dur- 
ing the  latter  part  of  the  growing  season.  Heavy  irrigation  and 
heavy  rainfall  during  the  last  weeks  before  picking  are  particularly 
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FiQ.  "7. — Effects  of  irrigation  on  the  development  of  bit- 
ter-pit in  »torage  on  Grimes  apples  from  Wenatchee, 
Wash.  A,  Heayy  irrigation  throughout  the  season ;  B, 
medium  irrigation  throughout  the  season ;  C,  light  irri- 
gation throughout  the  season ;  D,  medium  irrigation  fol- 
lowed by  heavy ;  E,  heavy  irrigation  followed  by  light. 


favorable  to  the  disease.  (Fig.  7.)  Cultivation,  fertilizers,  cover 
crops,  pruning,  thinning  the  fruit,  and  the  age  of  the  trees  may  all 
have  a  bearing  on  its  occurrence.  Everything  that  contributes  to  the 
stabilizing  of  the  moisture  conditions  in  the  soil  and  to  an  even, 

normal  growth  of  the 
fruit  throughout  the 
summer  is  of  value  in 
the  prevention  of  the 
disease.  Bitter-pit  is 
worse  on  the  fruit 
from  young  trees  than 
on  that  from  old  ones. 
In  general,  it  is  worse 
on  large  apples  than 
on  small  ones,,y^  sus- 
ceptibility to  the  disease  is  determined  not  so  much  by  size  as  by  the 
time  and  nature  of  the  orchard  conditions  which  produce  the  growth. 
While  bitter-pit  is  largely,  if  not  wholly,  due  to  orchard  conditions, 
its  main  development  is  after  removal  from  the  tree,  in  the  packing 
house,  in  transit,  or  in  storage.  It  does  not  spread  from  one  apple 
to  another  in  the  package,  but  the  spots  already  present  may  enlarge 
and  others  may  develop  either  on  fruit  already  affected  or  on  seem- 
ingly sound  apples  from  similar  orchard  conditions.  The  develop- 
ment of  the  disease  is  delayed  by  placing  it  immediately  in  cold  stor- 
age, but  fruit  that  shows  

a  tendency  to  bitter-pit 
at  picking  time  is  seldom 
suited  for  late  keeping. 

DROUGHT-SPOT. 

The  terms  drought- 
spot,  cork,  punk,  York- 
spot,  fruit-pit,  bitter-pit, 
crinkle,  and  Shikkwaluo 
(Japanese)  have  been  ap- 
plied to  identical  or  re- 
lated    troubles,     all     of 

which   are  characterized  ^^^  «■-^^;;^^^rb/S^U*':„T^e.r'^  '^ 
by  malformations  in  the 

fruit  or  the  development  of  large,  firm,  corky  areas  in  the 
flesh.  (Figs.  8  and  9.)  They  seem  to  be  due  to  sudden  and  severe 
drought  and  to  be  associated  with  intense  sunlight  and  often  with 
shallow,  open,  or  otherwise  peculiar  soils.    Badly  affected  fruit  is 
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always  discarded  at  picking  time,  but  apples  that  are  only  slightly 

malformed  or  have  but  a  small  proportion  of  cork  sometimes  get 

into  storage  packages. 

Such    fruit    seems    to 

have  almost  as  long  a 

storage  life  as  normal 

apples,  but  the  drought 

defects  always  detract 

from  the  market  value 

of  the  fruit. 

STIGMONOSE. 

Stigmonose  is  a  term 
used  to  refer  to  spots 
and  other  malforma- 
tions resulting  from 
the  healing  over  of 
insect    punctures.    In 

some   cases    there    is    a    *''°'  ^* — ^^^^  imperial  apple  with  a  common  form  of 

distinct  depression  on  drought-spot,  or  cork, 

the  surface,  a  considerable  layer  of  hard  tissue  beneath,  and  a  definite 
puncture  mark,  but  more  often  there  is  merely  a  brown,  corky  spot  or 

collection  of  spots 
just  beneath  the  skin 
that  bears  a  close  re- 
semblance to  bitter- 
pit.  (Fig.  10.)  The 
corky  tissue,  how- 
ever, is  usually  firmer 
and  occurs  in  larger 
masses  than  in  the 
case  of  bitter-pit,  and 
the  spots  are  fewer 
in  number  and  not 
associated  with  the 
conducting  tissue  or 
cojifined  to  the  blos- 
som half  of  the  ap- 
„     ,^    «^  pie.    It    is    obvious 

Fxo.  10._Stlgmooo«.  on  a  Cnllen  Longkceper  apple.        ^j^^^    ^j^^    ^^^^^^j    ^^ 

Stigmonose  is  to  be  effected  by  the  control  of  the  insects  causing 
the  injuries. 

185533'*— 20 2 
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Stigmonose  has  little,  if  any;  effect  upon  the  storage  life  of  the 
apples  and  is  to  be  discriminated  against  on  account  of  the  inferi- 
ority of  the  fruit  rather  than  because  of  its  keeping  quality. 

WATER-CORE. 

Water-core  is  a  nonparasitic  disease  characterized  by  a  glassy  or 
watery  appearance  of  the  flesh.  It  is  somewhat  more  common  in 
the  region  of  the  main  vasculars  and  the  core,  but  may  occur  in 
any  part  of  the  apple  or  may  involve  the  whole  of  it.  (Fig.  11.) 
The  affected  Xissue  has  a  water-soaked  appearance  and  is  usually 

very  hard.  Water-core 
apples  have  a  high  spe- 
cific gravity  and  can  be 
distinguished  from  nor- 
mal apples,  when  the  dis- 
ease is  not  evident  on  the 
surface,  by  the  fact  that 
they  sink  to  a  greater 
depth  when  placed  in 
water.  Tompkins  King, 
Fall  Pippin,  Yellow 
Transparent,  Earlj'^  Har- 
vest, Eambo,  and  Wine- 
sap  are  among  the  more 
susceptible  varieties  of 
apples. 

Fig.   11.— Water-core  on  a  Jonathan  apple.  Watei-COre  IS   particu- 

larly bad  in  regions  of 
intense  sunlight  and  abundant  moisture,*  and  its  occurrence  is  ap- 
parently determined  by  growth  conditions  in  the  orchard.  Some 
have  thought  that  the  disease  may  develop  in  storage,  but  this  con- 
clusion is  probably  the  result  of  overlooking  affected  apples  at 
packing  time.  On  the  contrary,  it  has  been  foimd  that  in  mild 
cases  of  water-core  the  disease  may  largely  disappear  in  storage. 
Badly  water-cored  apples,  however,  are  likely  to  break  down  early 
in  storage. 

BITTER-ROT. 

Bitter-rot  is  a  disease  caused  by  a  parasitic  fungus.^  It  is  of  the 
greatest  importance  as  an  orchard  disease  and  can  be  controlled  by 
applying  Bordeaux  mixture  as  directed  in  the  spray  schedules  for 
southern  orchards,  accompanied  in  severe  cases  by  the  pruning  out 
of  cankers.    It  is  a  serious  disease  in  sections  of  Arkansas,  Missouri, 

*^  Qlotnerella  cingulata  (Stonem.)  S.  and  V.  S. 
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Virginia,  and  other  Southern  States,  but  is  of  rare  occurrence  in 
northern  orchards. 

The  larger  rots  naturally  attract  most  attention.  They  are  brown 
or  black  in  color,  slightly  sunken,  with  a  circular  outline  and  clear- 
cut  margin.  With  rots  a  half  inch  or 
more  in  diameter  numerous  small 
black  pustules  are  usually  evident  be- 
neath the  skin  or  just  breaking  through 
it  (Fig.  12.)  They  are  often  ar- 
ranged in  a  circle  and  when  matured 
have  pink  spore  masses  at  their  tips. 
The  affected  tissue  beneath  is  usually 
cone  shaped.  It  is  softer  than  that 
of  black-rot  but  much  firmer  than  the 
rot  of  blue  mold.  The  tissue  adjacent 
to  the  rot  is  often  somewhat  bitter. 

Another  type  of  bitter-rot,   while    ^'°-  12.— Late  stage  of  bitter-rot  on 

1  "•       ^  X       •  _j.  *  Jonathan  apple. 

less  common,  is  of  greater  miportance 

in  storage  than  the  one  described  above.  It  is  the  late  infec- 
tions that  appear  at  picking  time  as  red  or  purplish  spots  or 
specks,  with  a  darker  center.    (Fig.  13.)    They  resemble  fruit  spots, 

but  the  center  of  the 
spot  and  the  tissue  be- 
neath are  a  solid  color 
instead  of  being 
speckled  with  black  or 
brown.  These  bitter- 
rot  specks  also  have  an 
entirely  different  stor- 
age history  from  fruit 
spots.  Their  develop- 
ment has  apparently 
been  checked  by  cool 
weather  before  harvest, 
and  in  some  cases  they 
are  incapable  of  fur- 

Fio.  13.— Bitter-rot  spots  or  speclts  on  a  Ben  Davis  ^"®f  harm,  but  as  the 
apple.  Such  spots  malse  no  development  In  cold  f  ruit  matures  in  transit 
storage,  but  may  resume  growth  upon  removal.  ^^    Storage    the    larger 

spots  may  again  resume  activity.  They  will  make  a  very  active 
growtn  at  60°  and  a  very  slow  development  at  50°  F.,  but  are 
entirely  inhibited  at  lower  temperatures.  After  several  months 
in  storage  at  32°  F.  these  rot  specks  will  develop  rapidly  upon  re- 
moval of  the  fruit  to  room  temperature. 
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The  behavior  of  bitter-rot  at  different  temperatures  is  shown  in 
figure  14.  It  is  a  hot-weather  disease,  causing  extreme  losses  in  the 
fall  markets  and  also  in  delayed  shipments  and  in  common  storage, 
sometimes  destroying  apparently  sound  fruit  from  a  badly  infected 
orchard  within  a  few  days.  These  losses  can  be  entirely  prevented 
by  holding  the  apples  at  cold-storage  temperatures  and  can  be 
practically  eliminated  by  cooling  to  50®  F. 

NORTHWESTERN  ANTHRACNOSE. 

Anthracnose^  is  a  parasitic  orchard  and  storage  disease  confined 
to  apples  from  the  more  humid  sections  of  the  Pacific  Northwest. 
Spraying  the  fruit  during  late  summer  before  the  fall  rains  reduces 
the  amount  of  disease  developed  in  storage,  but  unless  orchard  con- 


FiG.  14. — Growth  of  bitter-rot  on  apples  at  different  temperatures.  The  upper  soles 
shows  the  size  of  the  rots  after  two  weeks  in  storas^  and  the  lower  series  after 
eight  weeks  in  storage,  the  temperatures  ranging  from  32*  to  77*  F.  The  heavy 
shading  indicates  the  development  of  rot. 

trol  is  established  by  cutting  out  limb  cankers  and  giving  the  trees  a 
fall  application  of  strong  Bordeaux  mixture  after  the  fruit  is  har- 
vested, the  disease  can  not  be  entirely  eliminated. 

The  rot  is  light  brown  in  color  and  the  center  of  the  rot  often  a 
lighter  brown  than  the  margin,  giving  a  somewhat  zoned  or  bird's- 
eye  effect.  In  later  stages  the  surface  of  the  rot  may  be  spotted  with 
pustules  which  emit  creamy  spore  masses.  The  surface  is  depressed 
and  the  flesh  beneath  dry  and  leatbery.  The  disease  is  most  serious 
when  there  are  early  fall  rains  or  when  picking  is  delayed  on  account 
of  weather  conditions.  The  rot  will  continue  to  develop  in  storage, 
and  apples  from  trees  affected  with  anthracnose,  although  free  from 
rot  at  picking  time,  may  later  become  badly  diseased  in  either  com- 
mon or  cold  storage.  In  the  fall  of  1918  apparently  sound  Salome 
apples  from  a  tree  affected  with  anthracnose  were  held  in  storage  at 
various  temperatures.  After  seven  weeks  the  apples  at  60^  F.  had 
an  average  of  49  rotten  spots  each,  those  at  41°  F.  11  rots  to  the 

^Neofabraea  nMiliooriioia  (Cordley)  Jackson. 
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apple,  while  those  at  32°  F.  were  still  apparently  free  from  rot. 
At  the  end  of  18  weeks  the  apples  at  50*^  and  41°  F.  were  entirely 
rotten  and  those  at  32°  F.  had  developed  an  average  of  six  rots  to 
the  apple  and  had  about  one- fourth  ^of ,  the  flesh  decayed.  The 
effect  of  temperature  upon  the  rate  of  development  of  anthracnose 
is  shown  more  in  detail  in  figure  15.  It  is  evident  that  while  cold- 
storage  temperatures  will  grei^ly  delay  the  rot,  apples  which  have 
had  extreme  exposure  to  the  disease  in  the  orchard  are  unsafe  for 
late  holdings  in  storage. 

BLACK-ROT. 

Black-rot*  is  a  parasitic  disease  that  is  of  general  occurrence 
on  apples  of  the  Atlantic  Coast  and  Middle  Western  States,  but 
seldom,  if  ever,  occurs  in  the  Eoclcy  Mountain  districts  or  the  regions 


Pio.  15. — Growth  of  anthracnose  on  apples  at  different  temperatures.  The  upper  series 
shows  the  slxe  of  the  rots  ^ter  two  weeks  in  storage  and  the  lower  series  after 
eight  weeks  in  storage,  the  temperatures  ranging  from  32"  to  72**  F.  The  heayy 
shading  indicates  the  development  of  rot 

west  of  them.  It  is  worse  on  summer  and. fall  varieties.  The  disease 
can  be  largely  controlled  in  the  orchard  by  cutting  out  the  limb 
cankers  and  following  the  prescribed  spray  schedules. 

Black-rot  is  one  of  the  darkest  colored  rots  that  affect  the  apple. 
The  diseased  areas  are  usually  dark  brown  or  black  and  often  have 
a  decidedly  zoned  appearance.  As  the  rot  enlarges,  small  black 
pustules  may  appear  on  the  surface,  but  these  are  not  arranged  in 
zones,  as  is  typically  the  case  with  bitter-rot.  As  the  rot  occurs  in 
storage,  the  zoning  is  less  pronounced  and  the  pustules  usually  lack- 
ing. The  affected  flesh  of  black-rot  is  dark  brown  and  quite  firm, 
in  striking  contrast  to  the  soft  light-brown  rot  produced  by  blue 
mold.  Black- rot  usually  makes  its  start  at  an  insect  sting  or  other 
puncture  or  at  the  calyx  where  injury  has  resulted  from  frost  or 
spray,  and  it  sometimes  develops  as  a  core  rot.  (Fig.  16.)  It  is 
primarily  a  rot  of  ripe  fruit,  but  may  often  be  found  as  spots  one- 

^  BphaeropsU  malorum  Pk. 
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eighth  to  one-half  of  an  inch  in  diameter  several  weeks  before  pick- 
ing time.     These  develop  very  slowly  and  may  even  appear  to  be 

entirely  dormant  for 
a  time,  but  later  be- 
come quite  active  as 
the  fruit  matures. 

Black-rot  continues 
to  grow  slowly  in  cold 
storage,  but  it  seldom 
spreads  from  one  ap- 
ple to  another.  It 
makes  its  develop- 
ment almost  entirely 
at  punctures  or 
bruises  or  from  speck- 
like rots  that  were 
overlooked  at  pack- 
ing time.  Figure  17 
shows  a  Grimes  apple 
affected  with  Sphae- 
ropsis  spots  that  are 

Fia.   16. — Black-rot  developing  at  the  calyx  on  a  Ben  A  ... 

Davis  apple.  too  Small  to  secm  like 

rots,  yet  in  a  storage 
test    the    largest    of    these    spots    made    a    rapid    and    significant 
growth.     At  68°   F.   such   apples  were  practically  rotted  in  two 
weeks,  at  59°  in  four 
weeks,     and    at    32° 
the   spots   were   half 
an    inch    in    diame- 
ter by  the  end  of  six 
weeks. 

The  temperature  re- 
lations of  black-rot 
are  shown  in  figure  18. 

ALTERNARIA 
ROT. 

This  disease  is 
caused  by  one  or  more 
species  of  Alternaria. 
It  is  of  frequent  oc- 
currence on  fruit  in  no.  17.— Black-rot  spots  on  a  Grimes  apple.  Such  spots 
all      sections      of      the  ™^^  remain  dormant  for  a  time  but  resume  growth  as 

TT     •  X      1    o  i^     i  1  ^^^  ^ru*t  matures. 

United  btates  and 

particularly  common  on   apples  in  the  irrigated  sections  of  the 

West.    The  Alternaria  fungus  is  the  most  common  cause  of  core  rots, 
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its  entrance  apparently  being  favored  by  the  open  calyx  that  fre- 
quently characterizes  the  apples  from  irrigated  orchards.  (Fig.  19.) 
It  is  the  most  conmion  cause  of  the  rots  that  follow  Jonathan  spot 
and  York  skin  crack  and  is  also  common  following  scald. 


Fig.  IS.^Growth  of  black-rot  on  apples  in  storage.  The  upper  series  sliows  the  size 
of  the  rots  after  two  weeks  in  storage  and  the  lower  series  after  eight  weeks  in 
storage,  the  temperatures  ranging  from  32*  to  77*  F.  The  heavy  shading  shows  the 
derelopment  of  roU 

Altemaria  rot  looks  so  miich  like  black-rot  that  it  is  sometimes 
impossible  to  distinguish  one  from  the  other  by  growth  character- 
istics. In  such  cases  a  distinction-  can  be  readily  made  by  resorting 
to  the  microscope  or  to  laboratory  cultures  of  the  fungus.  Alter- 
naria  rot,  however,  is 
seldom  zoned  and  is 
often  more  superfi- 
cial than  black-rot, 
spreading  over  the 
surface  without  ex- 
tending deep  into  the  f  ^  \ 
tissues. 

The  development 
of  Altemaria  rot  is 
greatly  delayed  by 
cold  and  also  by 
greenness  and  firm- 
ness in  the  fruit,  but 
it  will  finally  destroy 
weak  and  overripe 
apples  at  commercial 

storage  temperatures,    fio.  19.— Altemaria  core-rot  on  a  Stayman  WInesap  apple. 

BLUE  MOLD. 

Blue  mold  ^  is  a  fimgous  disease  confined  almost  entirely  to  stor- 
age fruit.  It  is  of  general  occurrence  and  by  far  the  most  destruc- 
tive of  all  the  storage  rots,  probably  causing  from  80  to  95  per 
cent  of  the  total  rot  on  stored  apples.    The  affected  tissue  is  quite 


*  Penicillium  expanaum  Link. 
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soft,  and  the  disease  is  therefore  often  referred  to  as  soft-rot.  The 
rot  is  light  brown  in  color  and  has  a  very  characteristic  musty  odor 
and  taste.  When  the  rot  is  well  advanced,  powdery  blue-green  tufts 
develop  on  the  surface,  giving  off  countless  numbers  of  spores,  each 
capable  of  producing  a  new  rot.    (Fig.. 20.) 

The  germ  tubes  of  blue-mold  spores  are  unable  to  penetrate  the 
soxmd  skin  of  the  apple  and  must  rely  upon  wounds  as  points  of 
infection.  Stem  punctures  are  one  of  the  most  common  causes  of 
rot,  but  finger-nail  scratches  by  the  pickers,  insect  injuries,  scab 
spots,  and  bad  bruises  and  punctures  of  all  kinds  may  furnish  a 
starting  point  for  the  fungus.  The  disease  may  spread  from  one 
apple  to  another  in  storage  either  by  the  scattering  of  the  spores 
or  by  actual  contact  of  the  fruit.  When  a  sound  apple  is  smothered 
in  the  remains  of  a  rotten  one,  the  fungus  is  apparently  able  to  pene- 
trate the  skin  without  the  aid  of  a  puncture. 

A\Tiile  blue  mold  is  primarily  a 
storage '  disease,  in  some  of  the  irri- 
gated sections  of  the  Northwest  it 
sometimes  gains  entrance  at  insect 
stings  and  rots  the  apples  while  still 
on  the  tree,  but  this  condition  is  very 
exceptional.  It  is  mainly  a  rot  of  ripe 
apples,  and  overripe  fruit  is  particu- 
larly susceptible. 
Fio.  JO.— Blue-mold  rot  on  a  New-         j^^    temperatures    ffreatlv    delay 

town  Pippin  apple.  xi        j        i  x      ^   ui  i  J 

the  development  of  blue  mold,  espe- 
cially on  fruit  that  is  not  overripe  at  the  time  of  storage.  Cold 
has  a  much  greater  inhibiting  effect  upon  the  starting  of  rots  than 
it  has  upon  their  development.  Rots  that  have  been  allowed  to  get 
started  while  the  apples  were  still  warm  develop  rather  rapidly  even 
at  cold-storage  temperatures.  Figure  21  shows  the  rate  of  develop- 
ment of  blue  mold  at  different  temperatures. 

The  losses  from  the  disease  are  enormous,  but  can  be  largely  pre- 
vented by  careful  picking  and  handling,  guarding  against  finger-nail 
punctures,  basket  scratches,  barrel  bruises,  and  stem-puncture  injury, 
and  by  cooling  the  apples  to  32*^  F.  within  a  day  or  two  after  pick- 
ing. The  spread  of  blue  mold  in  the  package  is  decreased  by  wrap- 
ping the  apples,  thereby  confining  the  spores  and  eliminating  the  di- 
rect contact  between  diseased  and  sound  apples. 

PINK-ROT. 

Pink-rot^  is  entirely  a  storage  disease.  It  has  sometimes  caused 
heavy  storage  losses  in  New  York  and  other  Northern  States,  but 

*  Cephalothecium   roseum    (Fries)    Cda. 
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is  not  of  economic  importance  in  most  fruit  sections.  The  rot  is 
seldom  serious  except  as  following  scab,  beginning  its  development 
at  the  margin  of  the  scab  spot.  The  affected  tissue  is  firm,  corky, 
dry,  and  has  a  very  bitter  taste.  In  the  later  stages  of  the  dis- 
ease the  fungus  may  be  found  fruiting  on  the  surface,  giving  the 
rot  a  powdery  pink  appearance  that  is  the  basis  for  the  name  of 
the  disease.  Pink-rot  grows  slowly,  especially  in  cold  storage,  but 
may  finally  destroy  the  fruit,  even  at  a  temperature  of  32°  F. 

SPONGY  DRY-ROT. 

Spongy  dry-rot^  is  a  parasitic  disease  that  makes  its  start  in  the 
orchard.  It  has  been  reported  as  causing  considerable  loss  in  North 
Carolina,  New  York,  and  other  States  of  the  Atlantic  coast.  It 
resembles  black-rot,  but  the  spots  are  more  sunken,  the  texture  of  the 
tissue  firmer  and  drier,  and  the  color  more  uniformly  black  through- 


Fio.  .21. — Growth  of  blue  mold  on  apples  in  storage.  The  upper  series  shows  the  size 
of  the  rots  at  the  end  of  two  weeks  after  Inoculation  and  the  lower  series  the  size 
at  the  end  of  eight  weeks,  the  tempratures  ranging  from  32**  to  77*  F.  The  heavy 
shading  shows  the  development  of  rot 

out.  The  surf  ace  may  be  roughened  by  the  pustules  of  fruiting  bod- 
ies. The  rot  is  apparently  unable  to  penetrate  the  sound  skin.  It 
is  greatly  delayed  by  low  temperatures  and  has  never  been  reported 
as  causing  severe  losses  in  cold  storage. 

BROWN-ROT. 

Brown-rot  ^  is  a  parasitic  disease  of  apples  in  market  and  storage 
that  occasionally  causes  considerable  loss  in  the  Atlantic  Coast  and 
Middle  Western  States  and  in  the  humid  sections  of  the  Pacific  North- 
west, the  greatest  damage  usually  occurring  on  the  summer  and  fall 
varieties.  It  closely  resembles  black-rot,  but  may  be  distinguished 
from  it  by  its  velvety  appearance.  Brown-rot  is  greatly  delayed  by 
low  temperatures,  yet  is  less  retarded  by  cold  storage  than  any  of  the 
rots  previously  mentioned. 


>  Volutella  fructi  Stevens  and  Hall. 


* Sclerotinia  cinerea  (Bon.)  Schrot. 
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GRAY  MOLD. 

Gray  mold  ^  is  a  parasitic  storage  disease  that  occasionally  causes 
considerable  loss.  Its  appearance  is  much  like  that  of  blue  mold,  but 
it  is  somewhat  firmer  and  has  a  distinctly  sour  taste  that  is  in  marked 
contrast  to  the  musty  odor  and  taste  of  the  former.  Its  spread  from 
one  apple  to  another  is  by  contact  rather  than  by  a  scattering  of 
spores.  It  is  greatly  delayed  by  cold  but  will  finally  destroy  infected 
apples  even  at  cold-storage  temperatures. 

INTERNAL  BREAKDOWN, 

Internal  breakdown  is  a  nonparasitic  disease  associated  with  large 
and  overripe  apples.  It  occurs  on  apples  from  the  various  fruit  sec- 
tions of  the  United 
States  and  has  been 
reported  from  Aus- 
tralia imder  the  name 
of  "  sleepiness."  It 
occurs  on  practically 
all  varieties,  but  is 
most  serious  on  the 
summer  and  early- 
fall  apples.  It  is 
characterized  by  a 
breaking  down  and 
browning  of  the  in- 
terior of  the  apple. 
(Fig.  22.)  Therii>er 
side  of  the  apple  is 
often  more  seriously 

Fig.  22. — Internal  breakdown  of  a  Stayman  Winesap  apple.        a  n  e  C  t  e  Q     than     the 

greener  side  and  the 
blossom  half  worse  affected  than  the  stem  half.  During  the  earlier 
stages,  the  flesh  may  be  found  quite  moist,  but  it  later  becomes  spongy 
and  rather  dry  and  "  mealy."  The  skin  usually  retains  its  normal  ap- 
pearance, but  is  sometimes  slightly  duller  and  darker  and  in  the  later 
stages  of  the  disease  frequently  cracks  outward.  The  presence  of  the 
disease  can  usually  be  detected  by  the  spongy  softness  of  the  apple. 
Internal  breakdown  is  particularly  common  on  overmature  apples 
and  on  those  that  have  been  forced  late  in  the  season.  It  may  appear 
at  picking  time,  but  is  largely  a  storage  disease.  It  is  a  condition 
that  characterizes  the  end  of  the  life  of  the  apple,  but  when  it  appears 
prematurely  may  be  regarded  as  a  definite  disease.    Delay  in  the 
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packing  house  or  in  transit  may  be  responsible  for  its  appearance 
later  in  storage  or  upon  removal.  In  commercial-storage  experi- 
ments with  Stayman  Winesap  apples  it  was  found  that  internal 
breakdown  was  greatly  decreased  by  the  use  of  ventilated  barrels  and 
by  storing  in  ventilated  rooms.  The  disease  is  particularly  serious  in 
common  storage,  but  fruit  with  a  decided  tendency  to  the  disease 
can  not  be  relied  upon  for  late  keeping  even  in  cold  storage. 


FROST  INJURY. 

The  freezing  of  apples  in  transit  or  in  storage  results  in  such  a 
Tariety  of  effects  that  it  is  difficult  to  give  a  definite  characterization. 
Frost  injury  bears  a 
close  resemblance  to 
internal  breakdown, 
but  the  internal 
browning  that  re- 
sults from  freezing 
often  extends  to  the 
surface  of  the  apple, 
the  affected  tissue  is 
more  watery,  and 
the  conducting  ves- 
sels usuallj^  show  up 
prominently  as  dark- 
brown  strands  ex- 
tending through  the 
flesh.  Unlike  inter- 
nal breakdown,  frost 
injury  may  appear 
on  any  part  of  the 
apple  and  on^  the 
small  green  fruit  as  well  as  that  which  is  overripe. 

Apples  will  stand  a  temperature  several  degrees  below  32°  F. 
without  freezing,  but  reach  their  limit  for  cold  resistance  at  about  28° 
F.  Some  varieties  are  touched  with  frost  at  this  temperature,  while 
others  remain  free  from  it.  Slightly  frozen  apples  can  be  thawed 
out  at  a  temperature  of  32°  F.  or  slightly  above  without  showing 
injury.  Their  quality,  however,  is  not  as  good  as  before  the  freezing. 
Apples  are  greatly  damaged  by  any  bruises  made  while  they  are 
frozen,  and  if  frosted  apples  are  to  be  saved,  great  care  must  be 
taken  in  handling  the  packages.  (Fig.  23.)  Apples  that  have  been 
badly  frozen  or  that  have  had  repeated  light  freezes  usually  show 
frost  injury,  regardless  of  the  methods  of  thawing. 


Injury   on   a    Stayman   Winesap   apple    resulting 
from  bruises  while  frozen. 
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SOFT-SCALD. 

Soft-scald  is  a  nonparasitic  disease  that  is  particularly  common  on 
the  Jonathan  and  Rome  Beauty  varieties.  In  Australia  it  is  known 
as  Jonathan  scald.  It  produces  sunken  blisterlike  effects  that  ex- 
tend over  the  apple  in  peculiar  patterns.  (Fig.  24.)  Before  exposure 
to  the  warm  air  the  diseased  spots  on  red  fruit  surfaces  may  have  a 
whitish  or  pink  color  and  the  flesh  beneath  also  be  pink,  the  effects  ap- 
parently being  produced  by  a  spread  of  coloring  matter  from  the  skin 
into  the  flesh.  After  exposure  to  warm  air  the  scalded  area  and  the 
flesh  beneath  become  light  brown  in  color.  The  affected  tissue  is  very 
soft  and  the  line  of  demarcation  between  it  and  the  healthy  tissue 
is  extremely  sharp.    The  disease  resembles  certain  types  of  frost 

injury  rather  closely,  and 
damages  have  frequently 
been  paid  for  frost  when 
the  trouble  was  really 
soft-scald.  Frost  injury, 
however,  seldom  shows 
the  clear-cut  margin  and 
the  soft,  light-brown 
flesh  that  characterize 
soft-scald.  Secondary 
fungous  infections  some- 
times follow  soft-scald, 
spotting  the  brown  area 
with  black. 

The    location    of    the 
disease  on  the  apple  ap- 

FiG.  24. — Soft-scald  on  a  Jonatban  apple.  x       t_        i   ^  •       j 

pears  to  be  determmed 
by  the  points  of  contact  with  the  package  and  with  other  apples,  and 
there  seems  to  be  a  close  correlation  between  the  deposition  of 
moisture  films  and  the  occurrence  of  the  disease. 

Soft-scald  is  evidently  due  to  products  given  off  by  the  apples 
themselves,  among  which  water  and  carbon  dioxid  appear  to  be  im- 
portant. It  can  be  produced  by  inclosing  apples  for  a  few  days  in  an 
air-tight  jar  at  living-room  temperature.  In  commercial  practice 
it  is  greatly  increased  by  delayed  storage,  and  in  fact  in  all  instances 
of  soft-scald  of  which  the  writers  have  been  able  to  trace  the  history 
it  has  been  found  that  the  damaged  fruit  was  delayed  in  packing 
houses  or  in  transit.  In  the  fall  of  1919  the  effect  of  delayed  storage 
upon  soft-sc^ld  was  demonstrated  experimentally.  All  of  the  apples 
were  packed  in  barrels  the  day  they  were  picked,  and  some  of  the 
barrels  were  stored  the  same  dav  at  32°  F.    The  remainder  were 
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held  in  a  shed  at  a  temperature  of  about  75°  F.  for  one  week  and 
then  placed  in  the  same  storage  room.  The  following  results  were 
obtained  after  the  fruit  had  remained  in  storage  till  January  15, 
1920: 

Relation  of  delayed  storage  to  soft-scald  on  Jonathan  apples. 

Immediate  storage:  Soft-scaid. 

Commercial  barrels per  cent—  0 

Ventilated   barrels do 0 

Delayed  storage: 

Commercial   barrels do 52 

Ventilated    barrels do 28 

These  results  give  striking  evidence  of  the  important  part  that  poor 
ventilation  and  delayed  storage  may  play  in  the  production  of  this 
disease. 

SCALD. 

Scald  is  a  transportation  and  storage  disease  that  is  produced  by 
the  gases  given  oflf  by  the  apples  themselves.  Under  the  prevailing 
methods  of  handling  fruit  it  causes  greater  losses  than  all  other 
storage  diseases  combined.  It  is  particularly  serious  on  the  York 
Imperial^  Grimes,  Arkansas  {Mammoth  Black  Twig)^  Rome  Beauty, 
Khode  Island  Greening,  Stayman  Winesap,  Wagener,  and  Baldwin 
varieties,  and  it  occurs  at  times  on  almost  every  variety  of  apple. 

Scald  can  be  distinguished  from  all  other  apple  diseases  by  its  pref- 
erence for  the  greener  side  of  the  apple.  In  mild  cases  of  the  disease 
the  apple  is  merely  tinted  with  brown  (see  title-page  illustration) ,  but 
in  more  severe  cases  the  entire  skin  layer  is  killed  and  sometimes 
broken  down  to  the  extent  that  it  will  slough  off  readily  from  the 
flesh.  In  some  instances  the  flesh  becomes  dead  and  brown  to  a  depth 
of  half  an  inch,  and  the  disease  takes  on  the  appearance  of  an  apple 
rot;  but  true  rot  usually  spreads  down  into  the  flesh  in  more  or  less 
conical  shape,  while  scald  is  usually  diffuse,  spreading  over  a  large 
area  without  having  much  depth.  An  apple  that  has  had  its  skin 
killed  by  scald  becomes  the  ready  prey  of  the  various  rot  organisms, 
and  they  soon  finish  the  work  of  destruction  that  the  scald  has  begun. 

It  is  a  rather  generally  accepted  idea  that  scald  is  due  to  the 
warming  of  the  fruit  after  it  has  been  removed  from  cold  storage. 
This  idea  comes  from  an  erroneous  interpretation  of  very  familiar 
facts,  and  this  misconception  in  regard  to  the  nature  of  scald  has 
often  resulted  in  throwing  the  responsibility  for  its  occurrence  upon 
the  wrong  party.  It  is  true  that  apples  usually  show  but  little  scald 
while  held  continuously  in  cold  storage  and  also  true  that  fruit 
apparently  free  from  disease  may  become  badly  scalded  after  ex- 
posure to  warm  air  for  a  few  days,  but  the  apples  were  already  poten- 
tially scalded  while  still  in  storage  and  merely  required  the  open 
air  and  the  higher  temperatures  to  allow  their  death  processes  to  be 
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completed.  The  real  cause  of  scald  is  to  be  found  in  the  accumulation 
of  certain  gases  given  off  by  the  apples  themselves,  and  prevention 
can  be  had  by  removing  these  gases  by  ventilation  or  by  absorbing 
them  with  oils.  There  are  a  great  many  fats  and  oils  that  will  ac- 
complisli  this  result,  but  the  mineral  oils  sold  under  various  trade 
names  and  refined  so  as  to  be  practically  or  entirely  free  from  odor 
and  taste,  have  been  found  the  most  satisfactory.  They  are  among 
the  cheapest  oils,  they  do  not  become  rancid,  and  they  are  already 
extensively  used  on  paper  and  otherwise  in  connection  with  food 
products.  The  most  convenient  method  of  applying  the  oil  is  by 
means  of  oiled  wrappers.  The  development  of  scald  is  much  more 
rapid  at  high  than  at  low  temperatures.  Most  varieties  of  apples 
are  scalded  as  badly  at  60*^  F.  in  one  month  as  at  40°  F.  in  three 
months.  (Fig.  25.) 
The  responsibility  for  scald  does  not  always  lie  in  the  same  quar- 
ter. Its  occurrence  is  influenced  by  or- 
chard, packing-house,  and  transporta- 
tion as  well  as  storage  conditions.  Large 
apples  and  those  that  have  been  forced 
late  in  the  season  by  heavy  irrigation  or 
rains  have  an  increased  susceptibility  to 
scald.  Apples  that  have  been  scarred 
Fig.  25.— Eflfect  of  temperature  on   ^^^j  russeted  bv  DOwdeH'  mildew  are 

the    development    of    scald    on  i        j  mi  v  m        i 

Grimes  apples.    The  upper  part  rendered  more  susceptible,  while  those 
of  the  flffure  shows  the  percent-  from  trees  that  have  been  badly  affected 

age  of  scald  at  the  various  tem-        .  i  j  . 

peratures  at  the  end  of  7  weeks ;  With  cedar  rust  are  very  resistant  to 
the  lower  part  the  percentage  of  gcaM.     Fruit  that  is  picked  green  is 

scald  at  the  lower  temperatures  .,  i       i  \  t  •  i 

at  the  end  of  14  weeks.   At  this  much  more  susccptible  than  that  which 

hlgh^r'^emperatuTer  ^^"  **  '^^  ^^  ^®^  ^^  *^®  *^^  *^^^  ^^^^  matured. 

The  holding  of  apples  in  closed  packing 

sheds  or  in  unref rigerated  cars  may  be  responsible  for  the  develop- 
ment of  scald  later  in  storage  or  upon  removal  from  storage.  Plac- 
ing large  quantities  of  warm  fruit  in  a  particular  storage  room 
instead  of  distributing  it  in  several  rooms  is  likely  to  result  in  delayed 
cooling  and  in  heavy  losses  from  scald. 

Apples  scald  far  less  in  boxes,  crates,  or  ventilated  barrels  (barrels 
with  15  holes  three- fourths  by  4  inches  cut  in  the  staves)  than  in  the 
usual  commercial  barrels,  especially  if  the  storage  room  is  allowed 
considerable  change  of  air.  They  scald  far  less  when  located  near 
the  door  of  the  storage  room  than  when  in  the  back  comers  away 
from  the  aisles.  False  floors,  wall  spaces,  openings  between  the 
stacks,  the  operation  of  fans,  and  the  throwing  open  of  storage 
windows  when  the  outside  temperature  will  allow,  all  contribute  to 
scald  prevention. 
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Scald  can  be  entirely  prevented  by  storing  apples  in  oiled  (not 
waxed)  wrappers.  (Fig.  26.)  This  treatment  has  been  found  com- 
pletely successful  even  when  susceptible  varieties  have  been  placed 
in  unventilated  storage  and  held  far  beyond  their  usual  storage 
season.  A  good  quality  of  oiled  wrapper  can  be  prepared  by  hand- 
oiling  the  usual  commercial  wrapper,  but  the  cost  of  the  labor  is  too 
great.  The  oiled  paper  now  on  the  market  has  been  prepared  for 
other  purposes  and  is  too  heavy  for  convenient  use  on  apples. 
Lighter  weight  oiled  papers  suitable  for  use  as  apple  wrappers  are 
now  in  process  of  preparation. 


Fio.  26. — Eflfect  of  oiled  wrappers  in  scald  prevention.  These  York  Imperial  apples 
were  removed  from  cold  storage  on  March  5  and  photographed  on  March  15.  Those 
on  the  left  were  wrapped  in  oiled  wrappers ;  those  on  the  right  were  unwrapped. 
At  the  time  of  removal  from  storage  the  two  lots  looked  alike,  but  three  days  later 
the  hnwrapped  apples  were  badly  scalded,  and  at  the  end  of  10  days  they  were  almost 
entirely  rotten,  as  shown  in  the  illustration.  The  apples  that  had  been  held  in 
oiled  wrappers  while  in  storage  were  still  sound  after  three  weeks  in  a  warm 
laboratory. 

THE  STORAGE  LIFE  OF  APPLES. 

It  is  generally  recognized  that  each  variety  of  apple  has  its  own 
storage  limitations  and  that  the  keeping  quality  of  the  fruit  varies 
from  year  to  year.  Dealers  plan  to  dispose  of  their  apples  while 
they  are  still  in  good  condition,  and  if  it  is  found  necessary  to 
hold  them  till  they  are  near  the  end  of  their  storage  life  a  close 
watch  is  usually  kept  to  see  that  their  limit  is  not  exceeded.  In 
spite  of  these  precautions  large  quantities  of  apples  fall  prey  to 
rots  and  scald  instead  of  serving  their  purpose  as  food.  This  loss  is 
not  all  sustained  by  the  dealer,  but  may  be  passed  along  to  the  retailer 
and  finally  to  the  consumer.  The  relation  of  supply  and  demand  and 
the  behavior  of  the  markets  are  sometimes  responsible  for  fruit  being 
held  too  late,  but  much  of  the  loss  on  stored  fruit  is  due  to  misjudg- 
ment  in  rejgfard  to  its  storage  life,  abuses  that  destroy  its  protective 
skin  layer,  and  faulty  shipping  and  storage  conditions. 

Fruit-spot,  stigmonose,  and  even  small  blotch  specks  usually  have 
little  effect  upon  the  storage  life  of  the  fruit,  but  scab,  black-rot,  and 
bitter-rot  specks  may  greatly  shorten  its  life.    Apples  from  trees. 
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affected  by  anthracnose  and  those  showing  a  tendency  to  bitter-pit 
will  probably  become  diseased  even  in  cold  storage.  Coarse  over^-. 
grown  apples  and  apples  that  are  forced  late  in  the  season  can  n&wBt 
be  relied  upon  for  late  keeping.  The  sound  skin  of  the  apple  f onm 
an  almost  complete  protection  from  storage  rots,  but  punctures  and 
scratches  pave  the  way  for  early  decay.  When  fruit  is  placed  in 
cold  storage  immediately  upon  picking,  the  rots  develop  slowly,  but 
if  the  rot  organisms  can  have  a  week^s  start  on  the  warm  fruit  they 
will  make  a  rather  rapid  growth  even  at  32°  F.  Scald  is  the  mosi 
deceptive  of  all  the  storage  troubles.  Apples  may  become  badfy 
scalded  while  in  storage,  yet  appear  entirely  healthy  until  expK)sed  to 
warmer  air.  This  peculiarity  of  the  disease  has  often  resulted  m 
heavy  losses  and  serious  misunderstandings  in  connection  with  after- 
storage  shipments  of  fruit,  and  it  has  served  as  a  great  handicap  ia 
the  distribution  of  apples  to  smaller  centers.  The  time  of  the  ap» 
pearance  and  the  severity  of  scald  may  be  somewhat  influenced  by  thft 
growth  conditions  in  the  orchard,  but  they  are  largely  determined  by 
the  ventilation  and  cooling  which  the  fruit  receives  after  it  has  been 
packed. 
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STORAGE  DISEASES  take  a  heavy  annual  toll  on 
the  harvested  crop  of  apples,  greatly  reducing 
an  important  food  supply  and  increasing  the  cost 
and  uncertainty  of  market  operations. 

The  responsibility  for  this  loss  may  lie  with  the 
orchardist,  the  transportation  company,  the  dealer, 
or  the  storage  management. 

Delay  in  warm  packing  sheds  or  cars  shortens  the 
natural  life  of  apples  and  greatly  increases  their 
tendency  to  rots  and  scald.  Filling  the  storage 
rooms  so  rapidly  that  cold-storage  temperatures  can 
not  be  maintained  has  a  similar  bad  effect. 

Apple  rots  are  slow  to  start  at  a  temperature  of 
32°  F.,  but  if  a  beginning  has  been  made  at  a  higher 
temperature  they  can  proceed  much  more  rapidly. 

In  cases  of  unavoidable  delay  in  cooling,  the  losses 
from  scald  can  be  greatly  reduced  by  good  venti- 
lation. Apples  scald  far  less  when  in  boxes,  baskets, 
or  ventilated  barrels  than  in  the  usual  tight  barrel. 
Green  fruit  is  much  more  susceptible  to  scald  than 
that  which  is  well  matured.  Wrapping  apples  in 
oiled  wrappers  or  packing  them  in  shredded  oiled 
paper  furnishes  the  most  complete  protection  against 
scald. 


Issued  September  1920 
Washington,  D.  C.  Revised  October  1930 

Slightly  revised  May  1935 
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PRINCIPLBS  GOVERNING  DISEASE  CONTROL 

THE  diseases  that  appear  on  apples  in  storage  and  upon  their 
removal  may  be  the  result  of  storage  conditions,  or  their  occur- 
rence may  have  been  predetermined  by  orchard  and  transportation 
conditions.  They  may  be  due  to  the  work  of  a  parasite  or  to  the 
direct  action  of  unfavorable  conditions  upon  the  fruit  itself.  Dis- 
eases like  scab  and  certain  rots  that  are  definitely  traceable  to  the 
action  of  particular  fungi  are  called  parasitic  diseases,  while  bitter 
pit,  water  core,  and  scald  are  known  to  be  due  wholly  to  abnormal 
physiological  conditions  in  the  fruit  itself  and  are  called  nonpara- 
sitic or  physiological  diseases.  Both  parasitic  and  nonparasitic  dis- 
eases can  be  prevented  largely  by  proper  methods  of  growing  and 
handling  the  fruit,  but  each  disease  has  its  own  peculiar  laws  of 
behavior  upon  which  the  requirements  for  its  control  must  be  based. 

SCAB 

Scab  ^  is  a  parasitic  disease  and  mainly  an  orchard  disease.  It 
can  be  largely  controlled  by  carrying  out  the  spraying  schedules  that 
have  been  developed  and  recommended  for  the  different  fruit  sections. 
It  is  particularly  serious  in  the  orchards  of  the  northeastern  United 
States  and  in  those  of  the  humid  sections  of  the  Pacific  Northwest, 
but  it  also  occurs  at  the  higher  altitudes  as  far  south  as  Virginia, 
North  Carolina,  and  Arkansas. 

Scab  may  appear  on  the  picked  fruit  as  large  corky  or  dark  sooty 
5!pots  with  a  iight-gray  margin,  or  as  small  sooty  spots  or  specks 
often  irregular  in  outline  and  usually  without  the  gray  margin. 

^Temlmria  inwiMtuaUs  (Cke.)  Wlnt. 
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(Fig.  1.)  The  latter  form  of  the  disease  is  the  one  that  is  most  likely 
to  pass  irtto  storage  packages.  With  both  the  large  and  the  small 
spots  the  protecting  skin  is  broken  and  the  apple  exposed  to  early 
destruction  by  the  rot  organisms.  Pink  rot  and  blue  mold  are  among 
the  most  common  decays  that  follow  scab. 

Scab  sometimes  continues  to  develop  in  storage,  but  the  character- 
istics of  the  spots  are  quite  different  from  those  found  at  picking 

time.  They  are  smooth,  black,  and 
sunken,  sometimes  attaining  a  di- 
ameter of  one-fourth  of  an  inch 
before  the  fimgus  breaks  through 
to  the  surface  or  causes  any  rou^- 
ening  of  the  skin.  The  develop- 
ment of  the  scab  fungus  is  checked 
by  low  temperatures,  and  scab  ordi- 
narily makes  little  trouble  in  cold 
storage  except  as  a  source  of  rot 
infections;  vet  a  late  spread  of  the 
disease  in  the  orchard  is  sometimes 
followed  by  a  serious  development 
in  storage. 

BLOTCH 

FiGUBB  1.' — Scab  as  It  appeara  at  pick- 
ing time  on  a  White  Pearmain  apple  Blotch  ^    is    a    parasitic    Orchard 

disease.  It  can  oe  controlled  by 
orchard  sanitation  and  properly  timed  spray  applications.  It  is  a 
serious  disease  only  in  the  more  southern  orchards  of  the  Eastern  and 
Middle  States,  but  it  seems  to  be  gradually  spreading  northward. 

Blotch  appears  on  the  fruit  as  hard  brown  or  black  blotches  with 
jagged  margins.    The  cuticle  does  not  peel  off,  as  with  scab,  but  the 
protecting  skin  layers  are  killed  and  often  broken  by  fissures  and 
cracks.     (Fig.  2.)     Badly  blotched  apples  are  usually  discarded  or 
sold    for    immediate    use,    but    those 
with    a   few    small    spots    sometimes 
get  into  storage.     The  disease  makes 
little    if    any    development    at    cold- 
storage   temperature,   but   the  blotch 
spots   may   lurnish    a   starting   point 
for   storage    rots,   particularly   black 
rot  and  Alternaria  rot. 

FRUIT  SPOT 

Fruit  spot*  is  a  parasitic  disease 
that  can  be  controlled  by  midsum- 
mer spraying,  yet  is  often  found  in 
abundance  on  the  harvested  fruit.    It 

is  of  common  occurrence  in  the  or-  figckk  2.--Biotch  on  a  Ben  Davis 
chards    of    the   Atlantic    coast    from 

Maine  to  North  Carolina,  and  it  also  occurs  in  Ohio,  Missouri, 
and  Arkansas.  It  has  also  been  described  under  the  names  fruit 
speck,  New  Hampshire  fruit  spot,  and  flecked  spot,  and  is  some- 
times referred  to  as  Brooks  spot  and  included  in  the  term  Baldvrin 
spot. 

>  Phyllosticta  aolUaria  K.  and  E.  « MycosphaereUa  pomi  Pawer. 
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The  spots  are  small,  seldom  having  a  diameter  of  more  than  three- 
sixteenths  of  an  inch.     They  are  more  highly  colored  than  the  normal 
skin,  taking  a  deep  red  when  on  the  red  or  blush  areas  and  a  dark 
preen  when  on  the  green  or  yellow  fruit  surfaces.    The  center  of 
the   spot    is    usually    specked    or 
flecked  with  black,  giving  an  ap- 
pearance that  does  not  occur  in  any 
other  spot  disease.     (Fig.  3.)     This 
flecked  appearance  is  seen  to  better 
advantage  after  a  very  thin  peel 
has  been  removed  from  the  apple. 
The  spots  are  shallow,  usually  af- 
fecting only  the  skin  tissue.    They 
may  be  sligntly  sunken,  but  usually 
at  picking  time  have  little  or  no 
corky  tissue. 

In   common    storage    the    fruit 

rts  may  become  more  sunken  and 
elop   a   shallow    layer   of   corky        figure    3.— Fruit    spot    on    a    Grimes 

tissue  beneath,  and  the  inconspic-  ^°^^""  ^^^^^ 

uous  ones  may  develop  so  that  the  spots  appear  more  numerous. 
If  the  fruit  is  delayed  in  reaching  storage  sinular  changes  mav  occur, 
but  when  the  apples  are  placed  in  cold  storage  immediately  develop- 
ment is  extremely  slow.  With  fruit  spot  the  protecting  skin  layer 
is  not  destroyed,  and,  unlike  scab  and  blotch,  the  disease  does  not 
serve  as  a  source  of  rot  infection. 

JONATHAN  SPOT 

Jonathan  spot  is  a  non- 
parasitic disease  and  can 
not  be  controlled  by  spray- 
ing. It  is  apparently  asso- 
ciated with  a  varietal  weak- 
ness in  the  epidermal  tissue 
of  the  apple.  It  is  particu- 
larly common  on  Jonathan 
apples,  but  it  occurs  on  the 
Stayman  Winesap,  Esopus 
Spitzenberg,  Wealthy, 
Rome  Beauty,  and  a  num- 
ber of  other  varieties.  The 
disease  varies  with  the  sea- 
son, but  is  found  in  all 
sections  where  susceptible 
varieties  are  grown. 

FiGUBB   4.— Jonathan    spot    on    a    Jonathan   apple  Jonathan  Spot  appears  aS 

small  black  or  brown  spots 
that  give  the  apple  a  somewhat  freckled  appearance.  (Fig.  4.)  In 
the  earlier  and  more  typical  stages  of  the  disease  the  spots  are  very 
superficial,  usually  being  entirely  removed  by  the  thinnest  possible 
peel ;  later  they  may  become  somewhat  enlarged  and  develop  a  shallow 
layer  of  corky  tissue  immediately  beneath.  Jonathan  spots  differ 
from  those  of  either  fruit  spot  or  bitter  pit  in  being  smaller  and  more 
superficial  and  in  having  a  solid  brown  color  and  a  clear-cut  margin. 
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FiGURB  5. — Effect  of  temperature  on 
the  development  of  Jonathan  spot 
on  apples.  The  upper  part  of  the 
fifiTure  shows  tlie  percentage  of 
Jonathan  spot  developed  at  the 
different  temperatures  at  the  end 
of  7  weeks;  the  lower  part  shows 
the  percentage  developed  at  the 
end  of  14  weeks.  At  68  •  F.  the 
apples  had  rotted  before  the  sec- 
ond record  was  taken 


Jonathan  spot  may  occasionally  appear  on  the  fruit  before  it  is 
picked,  but  the  main  aevelopment  of  tne  disease  is  after  removal  from 
the  tree.    In  general,  the  highly  colored  apples  are  more  likely  to  be 

affected  than  the  greener  ones,  but 
in  storage  the  greener  apples  some- 
times develop  a  large  number  of 
spots  that  closely  resemble  a  speckled 
scald.  Large  apples  usually  are  more 
susceptible  to  the  disease  than  smaller 
ones.  The  disease  is  greatly  decreased 
by  low  temperatures.  (Fig.  5.)  Fruit 
held  in  common  storage  has  been 
found  badly  affected  with  Jonathan 
spot  at  the  end  of  2  weeks,  while  simi- 
lar fruit  placed  immediately  in  cold 
storage  has  been  entirely  free  from 
the  disease  at  the  end  of  8  weeks  and 
practically  free  at  the  end  of  14  weeks. 
Apples  that  have  a  tendency  to  Jona- 
than spot  sometimes  develop  the  disease 
very  rapidly  upon  removal  from  storage.  The  most  effective  means 
of  control  is  found  in  hastening  the  fruit  to  cold  storage  and  in 
keeping  it  as  cool  as  possible  after  removal.  Jonathan  spots  furnish 
a  point  of  infection  lor  Alternaria  and  other  rot  organisms. 

BITTER  PIT 

Bitter  pit  is  a  nonparasitic  disease,  apparently  due  to  derange- 
ments in  soil-moisture  conditions.    It  occurs  on  apples  in  all  sections 

of  the  United  States 
and  is  a  serious  dis- 
ease in  Europe,  South 
Africa,  and  Australia. 
Bitter  pit  has  also 
been  described  under 
the  names  Stippen, 
Baldwin  spot,  and 
fruit  pit.  In  the 
United  States  the 
Baldwin,  Grimes 
Golden,  Northern 
Spy,  and  Rhode  Is- 
land Greening  varie- 
ties are  particularly 
susceptible  to  the 
disease. 

The  disease  is  char- 
acterized by  the  devel- 
opment of  small 
brown  spots  or  streaks 
in  the  flesh  of  the 
apple,  most  abundant  just  beneath  the  skin.  (Fig.  6.)  The  spots  are 
associated  with  the  water-conducting  strands  and  sometimes  follow 
this  tissue  deep  into  the  flesh.    The  disease  is  usually  evident  on  the 
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FlQDRB  6.- 


-Bitter  pit  on  a  Grimes  Golden  apple  as  seen 
in   cross   section 
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surface  of  the  apple  as  sunken,  bruiselike  spots  that  somewhat  resemble 
hail  injury.  At  first  these  spots  have  a  water-soaked  appearance,  but 
later  they  may  become  more  highly  colored  than  the  surrounding  skin, 
taking  a  deep  red  when  on  a  blush  area  and  retaining  a  bright  green 
when  on  a  green  or  yellow  fruit  surface.  They  finally  become  a  deep 
brown  and  are  much  sunken,  giving  the  apple  a  badly  pitted  appear- 
ance. Bitter  pit  is  confined  almost  entirely  to  the  blossom  half  of  the 
apple.  It  diners  from  Jonathan  spot  and  fruit  spot  in  this  respect, 
and  also  in  the  fact  that  the  spots  are  bruiselike,  more  sunken,  contain 
more  dead  brown  tissue,  and  are  more  deeply  seated.  Jonathan  spots 
and  fruit  spots  are  usually  entirely  removed  in  peeling  an  apple,  but 
the  bitter-pit  spots  are  cut  into  and  made  more  evident. 

Bitter  pit  is  largely  due  to  some  overstimulation  of  the  fruit  dur- 
ing the  latter  part  of  the  growing  season.  Heavy  irrigation  and 
heavy  rainfall  auring  the  last  weeks  before  picking  are  particularly 
favorable  to  the  disease.  •  (Fig.  7.)  Cultivation,  fertilizers,  cover 
crops,  pruning,  thinning  the  fruit,  and  the  age  oi  the  trees  may  all 
have  a  Dearing  on  its  occurrence.  Everything  that  contributes  to  the 
stabilizing  of  the  moisture  conditions  in  the  soil  and  to  an  even, 
normal  growth  of  the  fruit  throughout  the  summer  is  of  value  in 
the  prevention  of  the  disease.  Bitter  pit  is  worse  on  the  fruit  from 
young  trees  than  on 
from    old    ones. 


o  /o  20  ^it?  ^o 


c 
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In  general,  it  is  worse 
on  large  apples  than 
on  small  ones,  yet  sus- 
ceptibility to  the  dis- 
nse  is  determined  not 

so  much  by  size  as  by  Pioukb  7. — E(r«»ct8  of  irrigation  on  the  developnipnt  of  blt- 

thp    f imp    and     TinfiirA  ter  pit  in  storage  on  Grimes  Golden  apples  from  Wenat- 

me    rime    anu    nature  ^^^  W^sh.     A,  Heavy  irrigation  throughout  the  season ; 

of  the  orchard  COndl-  B,   medium   irrigation    throughout   the   season ;    C,   light 

.1      .            i          .1  irrigation  throughout  the  season ;  J),  medium  irrigation 

tions  that  proauce  the  followed  by  heavy  ;  E,  heavy  Irrigation  foUowed  by  light 

^owth. 

While  bitter  pit  is  largely  if  not  wholly  due  to  orchard  conditions, 
its  main  development  is  after  removal  of  the  fruit  from  the  tree,  in 
the  packing  house,  in  transit,  or  in  storage.  It  does  not  spread  from 
one  apple  to  another  in  the  package,  but  the  spots  already  present 
may  enlarge  and  others  may  develop  either  on  iruit  already  affected 
or  on  seemingly  sound  apples  from  similar  orchard  conditions.  The 
development  o J  the  disease  is  delayed  by  placing  nt  immediatelv^n 
cold  storage,  but  fruit  that  shows  a  tendency  to  bitter  pit  at  picking 
time  is  seldom  suited  for  late  keeping. 

DROUGHT   SPOT 


The  terms  "drought  spot,"  "cork,"  "punk,"  "York  spot,"  "fruit 
pit,"  "bitter  pit,"  '^crinkle,"  and  "Shikkwaluo"  (Japanese)  have 
becii  applied  to  identical  or  related  troubles,  all  of  whicn  are  charac- 
terized by  malformations  in  the  fruit  or  the  development  of  large, 
firm,  corky  areas  in  the  flesh.  (Figs.  8  and  9.)  They  seem  to  be  due 
to  sudden  and  severe  drought  and  to  be  associated  with  intense  heat 
and  often  with  shallow,  open,  or  otherwise  peculiar  soils.  Badly 
affected  fruit  is  alwavs  discarded  at  picking  time,  but  apples  that 
are  only  slightly  malformed  or  have  but  a  small  proportion  of  cork 
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FiGUBB  8. — York   Imperial   apple,   showing  pockets  of 
cork  produced  by  drought  and  heat 


sometimes  get  into  storage  packages.  Such  fruit  seems  to  have 
almost  as  long  a  storage  life  as  normal  apples,  but  the  drought  de- 
fects always  detract  from  the  market  value  of  the  fruit. 

STIGMONOSE 

Stigmonose  is  a  term 
used   to   refer  to  spots 
and   other  malforma- 
tions resulting  from  in- 
sect  punctures.     In 
some    cases   there    is  a 
distinct    depression    on 
the  surface,  a  consider- 
able layer  of  hard  tissue 
beneath,  and  a  definite 
puncture  mark,  but  more 
often    there    is    merely 
a  brown,  corky  spot  or 
collection  of  spots  just 
beneath    the    skin   tiiat 
bears  a  close  resemblance 
to  bitter  pit.     (Fig.   10.)     The  corky  tissue,  however,  is  usually 
firmer  and  occurs  in  larger  masses  than  in  the  case  of  bitter  pit,  and 
the  spots  are  fewer  in  number  and  not  associated  with  the  conducting 
tissue  or  confined  to  the  blossom  half  of  the  apple.     It  is  obvious 
that    the    control    of 
stigmonose    is    to    be 
effected  by  the  control 
of  the  insects  causing 
the  injuries. 

Stigmonose  has  little 
if  any  effect  upon  the 
storage  life  of  the 
apples  and  is  to  be  dis- 
criminated against  on 
account  of  the  inferi- 
ority of  the  fruit 
rather  than  because  of 
iti§  keeping  quality. 

WATER  CORE 

Water  core  is  a  non- 
parasitic disease  char- 
acterized by  a  glassy 
or  watery  appearance 
of     the     flesh.     It    is 
somewhat   more    com- 
mon in  the  region  of  the  main  vasculars  and  the  core,  but  may  occur 
in  any  part  of  the  apple  or  may  involve  the  whole  of  it.     (Fig.  11.) 
The  affected  tissue  has  a  water-soaked  apppearance  and  is  usually 
very  hard.    Tompkins  King,  Fall  Pippin,  Yellow  Transparent,  Early 


FiGURB  9. — York  Imperial  apple  with  a  common  form  of 
drought  spot  or  cork 
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Harvest,  Bambo,   and   Winesap   are   among   the   more   susceptible 
varieties  of  apples. 

Water  core  is  particularly  bad  in  regions  of  intense  heat  and  sun- 
light.   High  temperature  at  the  time  the  apples  are  approaching 
maturity  is  especially 
favorable  to  the  de-  _ 

velopment    of    the  ^^ 

disease.     Sunburned  ^ 

apples  show  a  strong  Jf 
tendency  to  virater 
core.  The  disease 
often  increases  rap- 
idly as  the  apples 
become  overmature. 
Water-core  apples 
have  a  high  sap  con- 
centration, and  the 
diseased  condition  is 
apparently  the  re- 
>ult  of  sap  exudation 
under  pressure.  \ 

Some  persons  have 
thought  that  the  dis- 
ease may  develop  in 

storage,  but  this  con-  run  kk  lo. — StiKuronose  on  a  Culleii  apple 

elusion    is    probably 

the  result  of  overlooking  affected  apples  at  packing  time.  On  the 
contrary,  it  has  been  found  that  in  mild  cases  of  water  core  the  dis- 
ease may  largely  disap- 
pear in  storage. .  Badly 
water-cored  apples,  how- 
ever, are  likely  to  break 
down  early  in  storage. 

BITTER   ROT 

Bitter  rot  is  a  disease 
caused  by  a  parasitic  fun- 
gus.* It  is  of  the  greatest 
importance  as  an  orchard 
disease  and  can  be  con- 
trolled by  applying  Bor- 
deaux mixture  as  directed 
in  the  spray  schedules  for 
southern  orchards,  accom- 
panied in  severe  cases  by 
the  pruning  out  of  can- 
kers. It  is  a  serious  dis- 
FiGCRE  11.— Water  core  on  a  jouathun  apple  ^ase  in  sections  of  Arkan- 

sas,   Missouri,    Virginia, 

and  other  Southern  States,  but  is  of  rare  occurrence  in  northern 

orchards. 

^OlomereOa  otngulata  (Stonem.)  S.  and  V.  S. 
2748'— 30 2 
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The  larger  rots  naturally  attract  most  attention.  They  are  brown 
or  black  in  color,  slightly  sunken,  with  a  circular  outline  and  a  clear- 
cut  margin.  With  rots  a  half  inch  or  more  in  diameter  numerous 
small  black  pustules  are  usually  evident  beneath  the  skin  or  just 
breaking  through  it.     (Fig.  12.)     They  are  often  arranged  in  a  circle 

and  when  matured  have  pink  spore 
masses  at  their  tips.  The  affected 
tissue  beneath  is  usually  cone  shaped. 
It  is  softer  than  that  of  black  rot  but 
much  firmer  than  the  rot  of  blue 
mold.  The  tissue  adjacent  to  the  rot 
is  often  somewhat  bitter. 

Another  type  of  bitter  rot,  while 
less  common,  is  of  greater  importance 
in  storage  than  the  one  described 
above.  It  is  the  late  infections  that 
appear  at  picking  time  as  red  or  pur- 
plish spots  or  specks,  with  a  darker 
center.  (Fig.  13.)  They  resemble 
fruit  spots,  but  the  center  of  the  spot 
PiouB.  12-i^te^sniKe  ^o^f^bitter  rot      ^^^  ^^^  ^{^^^^  be^^^^^h  are  a  solid 

color  instead  of  being  speckled  with 
black  or  brown.    These  bitter-rot  specks  also  have  an  entirely  different 
storage  history  from  fruit  spots.    Their  development  has  apparently 
been  checked  by  cool  weather  before  harvest,  and  in  some  cases  they 
are  incapable  of  further  harm,  but  as  the  fruit  matures  in  transit  or 
storage  the  larger  spots  may  again  resume  activity.    They  will  make 
a  very  active  growth 
at  60°  and  a  very  slow 
development    at    50° 
F.,  but  are  entirely  in- 
hibited at  lower  tem- 
peratures.   After  sev-  l 
eral  months  in  storage  ^ 
at  32°  these  rot  specks 
will    develop   rapidly 

upon  removal  of  the  t 

fruit  to  room  temper- 
ature. A 
The  behavior  of  bit-                                                                           ff 
ter    rot    at    different  f 
temperatures  is  shown                                                                           l 
in  Figure  14.    It  is  a 
hot- weather  disease, 
causing  extreme  losses 
in    the    fall    markets 

and     also     in     delayed      Fiourb  13. — sitter-rot   spots   or  specks  on    a    Ben    Darla 
oK^T^m/^Tifo  onrl  iTi  n/\m  opple.     Such  spots  make  no  deyelopmenpt  In  cold  stor- 

snipments  axiu  iii  cahq-  ^g^^  iju^  may  resume  growth  upon  removal 

mon     storage,     some- 
times destroying  apparently  sound  fruit  from  a  badly  infected  orchard 
within  a  few  days.     These  losses  can  be  entirely  prevented  by  holding 
the   apples   at   cold-storage   temperatures   and   can   be   practically 
eliminated  by  cooling  to  50°  F. 
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BULL'S-EYE  ROT 

Bull's-eye  rot  is  the  name  commonly  applied  to  the  rots  produced 
by  either  northwestern  anthracnose  '^  or  perennial  canker.*  North- 
western anthracnose  has  been  known  for  a  long  time  as  a  parasitic 
orchard  and  storage  disease  of  apples  in  the  more  humid  sections  of 
the  Pacific  Northwest.  In  recent  years  a  similar  but  somewhat  more 
virulent  and  destructive  disease  has  appeared  in  some  of  the  irri- 
gated sections  of  Oregon  and  Washington  and  has  been  described  as 
perennial  canker.  The  fruit  rots  produced  by  the  two  organisms 
are  so  nearly  identical  in  appearance  that  it  is  practically  impossible 
to  tell  them  apart  except  by  microscopical  study,  and  both  are  in- 
cluded under  the  name  bull's-eye  rot. 

The  rot  is  light  brown  in  color,  and  the  center  of  the  rot  usually  is 
a  lighter  brown  than  the  margin,  giving  a  zoned  or  bull's-eyed  erfect* 
In  later  stages  the  rot  may  be  spotted  with  pustules  which  emit 
creamy  spore  masses.  The  surface  of  the  rot  is  depressed,  and  the 
flesh  beneath  is  dry  and  leathery.  The  most  serious  losses  from 
bull's-eye  rot  occur  when  the  fall  rains  begin  before  picking  is  com- 


FiGUBB  14. — Growth  of  bitter  rot  on  apples  at  dlflferent  temperatures.  The  upper  serleff 
■hows  the  size  of  the  rots  after  two  weeks  in  storage  and  the  lower  series  after  eif^bt 
weeks  in  storage,  the  tenn>erature8  ranging  from  32"  to  77*  F.  The  heavy  shading^ 
Indicates  the  development  of  rot 

pleted.  Apples  from  trees  affected  with  either  anthracnose  or 
perennial  canker,  although  free  from  rot  at  picking  time,  may 
later  become  badly  diseased  in  either  common  or  cold  storage.  In 
the  fall  of  1918  apparently  sound  Salome  apples  from  a  tree  affected 
with  anthracnose  were  held  in  storage  at  various  temperatures. 
After  7  weeks  the  apples  at  50°  F.  had  an  average  of  49  rotten  spots 
each,  those  at  41°  had  11  rots  to  the  apple,  while  those  at  32°  were 
still  apparently  free  from  rot.  At  the  end  of  18  weeks  the  apples  at 
32°  had  developed  an  average  of  6  infraction  centers  each.  The 
effect  of  temi>erature  upon  the  rate  of  development  of  anthracnose 
is  shown  in  more  detail  in  Figure  15.  The  temperature  response  of 
the  perennial  canker  fungus  is  almost  identical  with  that  of  the 
anthracnose. 

BLACK  ROT 

Black  rot  ^  is  a  parasitic  disease  that  is  of  general  occurrence 
on  apples  of  the  Atlantic  coast  and  Middle  AVestern  States,  but 

*ycofahraea  maUcorticM  (Cordley)  Jackson. 
*  Oloeotporium  perennanit  Zeller  and  Childs. 
^  UphaeropBiM  malorum  Pk. 
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seldom  if  ever  occurs  in  the  Rocky  Mountain  region  or  the  areas  to 
the  west.  It  is  worse  on  summer  and  fall  varieties.  The  disease 
can  be  largely  controlled  in  the  orchard  by  cutting  out  the  limb 
cankers  and  following  the  prescribed  spray  schedules. 


FiouBB  15. — Growth  of  anthracnose  on  apples  at  different  temperatures.  The  npper  series 
shows  the  size  of  the  rots  after  two  weeks  in  storage  and  the  lower  series  after  el^ht 
weeks  in  storage,  the  temperatures  ranging  from  32**  to  77*  P.  The  heavy  shadXng 
indicates  the  development  of  rot 

Black  rot  is  one  of  the  darkest  colored  rots  that  affect  the  apple. 
The  diseased  areas  are  usually  dark  brown  or  black  and  often  nave 
a  decidedly  zoned  appearance.  As  the  rot  enlarges,  small  black 
pustules  may  appear  on  the  surface,  but  these  are  not  arranged  in 
zones,  as  is  typically  the  case  with  bitter  rot.  As  the  rot  occurs  in 
storage,  the  zoning  is 
less  pronounced  and 
the  pustules  usually 
lacking.  The  affected 
flesh  of  black  rot  is 
dark  brown  and  quite 
firm,  in  striking  con- 
trast to  the  soft  light- 
brown  rot  produced 
by  blue  mold.  Black 
rot  usually  makes  its 
start  at  an  insect  sting 
or  other  puncture  or 
at  the  calyx  where  in- 
jury has  resulted  from 
frost  or  spray,  and  it 
sometimes  develops  as 
a  core  rot.  (Fig.  16.) 
It  is  primarily  a  rot 
of  ripe  fruit,  but  may 
often  be  found  as  spots 
one-eighth  to  one-half 
of  an  inch  in  diameter 
several  weeks  before 
picking  time.  These 
develop  very  slowly  and  may  even  appear  to  be  entirely  dormant  for 
a  time,  but  later  become  quite  active  as  the  fruit  matures. 

Black  rot  continues  to  grow  slowly  in  cold  storage,  but  it  seldom 
spreads  from  one  apple  to  another.     It  makes  its  development  almost 


FiGURi  16. — Black  rot  developing  at  the  calyx  on  a  Ben 
Davis  apple 
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entirely  at  punctures  or  bruises  or  from  specklike  rots  that  were 
overlooked  at  packing  time.    Figure  17  shows  a  Grimes  Golden  apple 
affected  with  Sphaeropsis  spots  that  are  too  small  to  seem  like  rots, 
yet  in  a  storage  test  the  largest  of  these  spots  made  a  rapid  and  sig- 
nificant  growth.      At 
68°    F.    such     apples 
were  practically  rotted 
in  two  weeks,  at  59° 
itt  four  weeks,  and  at 
32°  the  spots  were  half 
an  inch  in  diameter  by 
the  end  of  six  weeks. 

The  temj>erature  re- 
lations of  black  rot  are 
shown  in  Figure  18. 

ALTERNARIA  ROT 

The  disease   known 
as  Alternaria    rot    is 
caused  by  one  or  more 
species  of  the   Alter- 
naria fungus.    It  is  of 
frequent  occurrence  on 
fruit  in  all  sections  of 
the  United  States  and 
particularly  common  on  apples  in  the  irrigated  sections  of  the  West. 
The  Alternaria  fungus  is  the  most  common  cause  of  core  rots,  its 
entrance  apparently  oeing  favored  by  the  open  calyx  that  frequently 
characterizes  the  apples  from  irrigated  orchards.     (Fig.  19.)     It  is 
the  most  common  cause  of  the  rots  that  follow  Jonathan  spot  and 
York  skin  crack  and  is  also  common  following  scald. 


FiGURB  17. — Black-rot  spots  on  a  Grimes  Golden  apple. 
Such  spots  may  remain  dormant  for  a  time  but  resume 
growth  as  the  fruit  matures 


FiGusB  18. — Growth  of  black  rot  on  apples  in  storage.  The  upper  series  shows  the  size 
of  the  rota  after  two  weeks  in  storage  and  the  lower  series  after  eight  weeks  in  storage, 
the  temperatures  ranging  from  32°  to  77°  F.  The  heavy  shading  shows  the  development 
of  rot 

Alternaria  rot  looks  so  much  like  black  rot  that  it  is  sometimes 
impossible  to  distinguish  one  from  the  other  by  growth  character- 
istics. In  such  cases  a  distinction  can  be  readily  made  by  resorting 
to  the  microscope  or  to  laboratory  cultures  of  the  fungus.  Alter- 
naria rot,  however,  is  seldom  zoned  and  is  often  more  superficial  than 
black  rot,  spreading  over  the  surface  without  extending  deep  into 
the  tissues. 
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The  development  of  Alternaria  rot  is  greatly  delayed  bv  cold  and 
also  by  greenness  and  firmness  in  the  fruit,  but  it  will  finally  destroy 
weak  and  overripe  apples  at  commercial  storage  temperatures. 

BLUE  MOLD 

Blue  mold  ^  is  a  fungous  disease  confined  almost  entirely  to  stor- 
age fruit.  It  is  of  general  occurrence  and  by  far  the  most  destruc- 
tive of  all  the  storage  rots,  probably  causing  75  per  cent  of  the  total 

rot  on  stored  apples. 
The  affected  tissue 
is  quite  soft,  and  the 
disease  is  therefore 
often  referred  to  as 
soft  rot.  The  rot  is 
light  brown  in  color 
and  has  a  very 
characteristic  musty 
odor  and  taste. 
When  the  rot  is  well 
advanced,  powdery 
blue-green  tufts  de- 
/  velop  on  the  surface, 
/'  giving  off  countless 
/  numbers  of  spores, 
each  capable  oi  pro- 
ducing a  new  rot. 
(Fig.  20.) 
The  germ  tubes  of 

FIGURE  19.-Alternaria  cor^e^^rot  on  a   Stayman   Winesap        bl^e-mold  sporeS  are 

unable  to  penetrate 
the  sound  skin  of  the  apple  and  must  rely  upon  wounds  as  points  of 
infection.  Stem  punctures  are  one  of  the  most  common  causes  of 
rot,  but  finger-nail  scratches  by  the  pickers,  insect  injuries,  scab 
spots,  bad  bruises,  and  punctures  of 

any  kind  may  furnish  a  starting  point  W 

for    the    fungus.    The    disease    may  a 

spread  from  one  apple  to  another  in 
storage  either  by  the  scattering  of  the      / 
spores  or  by  actual  contact  of  the  fruit.      I 
When  a  sound  apple  is  smothered  in      \ 
the  remains  of  a  rotten  one,  the  f  unpis 
is  apparently  able  to  penetrate  the  skin 
without  the  aid  of  a  puncture. 

While    blue    mold    is    primarily    a 
storage  disease,  in  some  of  the  irrigated 

.  •  ^         £  j-i      -VT   -xu         J.  'j.  x*  Figure    20. — Blue-mold    rot  on   a 

sections  oi  the  i^  ortnwest  it  sometimes  ycUow  Newtown  apple 

gains  entrance  at  insect  stings  and  rots 

the  apples  while  still  on  the  tree,  but  this  condition  is  very  excep- 
tional. It  is  mainly  a  rot  of  ripe  apples,  and  overripe  finiit  is 
particularly  susceptible. 

^PenicilHum  expansum  Link. 
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Low  temperatures  greatly  delay  the  development  of  blue  mold, 
especially  on  fruit  that  is  not  overripe  at  the  time  of  storage.  Cold 
has  a  much  greater  inhibiting  effect  upon  the  starting  of  rots  than 
it  has  upon  meir  development.  Rots  that  have  been  allowed  to  get 
started  while  the  apples  were  still  warm  develop  rather  rapidly  even 
at  cold-storage  temperatures.  Figure  21  shows  the  rate  of  develop- 
ment of  blue  mold  at  different  temperatures. 

The  losses  from  the  disease  are  enormous,  but  can  be  largely  pre- 
vented by  careful  picking  and  handling,  guarding  against  finger-nail 
punctures,  basket  scratches,  barrel  bruises^  and  stem-puncture  injury, 
and  by  cooling  the  apples  to  32°  F.  within  a  day  or  two  after  picK- 
ing.  The  spread  of  blue  mold  in  the  package  is  decreased  by  wrap- 
ping the  apples,  thereby  confining  the  spores  and  eliminating  the  cU- 
rect  contact  between  diseased  and  sound  apples. 

PINK  ROT 

Pink  rot^  is  entirely  a  storage  disease.  It  has  sometimes  caused 
heavy  storage  losses  in  New  lu)rk  and  other  Northern  States,  but 


nomoB  21. — Growth  of  blue  mold  on  apples  In  storage.  The  upper  series  shows  the  size 
of  the  rots  at  the  end  of  two  weeks  after  inoculanon  and  the  lower  series  the  slse  at 
the  end  of  eight  weeks,  the  temperatures  ranging  from  32''  to  77*  F.  The  heavy 
■hading  shows  the  development  of  lot 

IS  not  of  economic  importance  in  most  fruit  sections.  The  rot  is 
seldom  serious  except  as  following  scab,  beginning  its  development 
at  the  margin  of  the  scab  spot.  The  affected  tissue  is  firm,  corky, 
dry,  and  has  a  very  bitter  taste.  In  the  late„  stages  of  the  dis- 
ease the  fungus  may  be  found  fruiting  on  the  surface,  giving  the 
rot  a  powdery  pink  appearance  that  is  the  basis  for  the. name  of 
the  disease.  Fink  rot  grows  slowly,  especially  in  cold  storage,  but 
may  finally  destroy  the  fruit,  even  at  a  temperature  of  32"^  F. 

SPONGY  DRY  ROT 

Spongy  dry  rot  ^^  is  a  parasitic  disease  that  makes  its  start  in  the 
orchard.  It  has  been  reported  as  causing  considerable  loss  in  North 
Carolina,  New  York,  and  other  States  of  the  Atlantic  coast.  It 
resembles  black  rot,  but  the  spots  are  more  sunken,  the  texture  of  the 
tissue  firmer  and  drier,  and  tne  color  more  uniformly  black  through- 
out The  surface  may  be  roughened  by  the  pustules  of  fruiting  bod- 
ies.   The  rot  is  apparently  unable  to  penetrate  the  sound  skin.    It 

^Oephaiotheclum  roteum  (Fries)  Cda. 
'•FolvMla  fructi  Stevens  and  HaU. 
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is  greatly  delayed  by  low  temperatures  and  has  never  been  reported 
as  causing  severe  losses  in  cold  storage. 

BROWN  ROT 

Brown  rot "  is  a  parasitic  disease  of  api)les  in  market  and  storage 
that  occasionally  causes  considerable  loss  in  the  Atlantic  coast  and 
Middle  Western  States  and  in  the  humid  sections   of   the  Pacific 
Northwest,  the  greatest  damage  usually  occurring  on  the  summer 
and  fall  varieties.   It  closely  resembles  black  rot,  but  may  be  dis- 
tinguished  from  it 
by   its  velvety  ap- 
pearance. 

Brown  rot  is 
greatly  delayed  by 
1  o  w  temperatures, 
ret  is  less  retarded 
jy  cold  storage 
than  any  of  me 
rots  previously 
mentioned. 


c 


GRAY  MOLD 

Gray^  mold  "  is  a 

Sarasitic  storage 
isease    that    often 
causes  serious  losses. 
Its    appearance    is 
much   like  that  of 
„.  blue  mold,  but  it  is 

FiODEB  22.-Intemal  breakdown   of  a   Stayman   WiaeBap       gomcwhat    f  i  r  m  e  r 

and  has  a  distinctly 
sour  taste  that  is  in  marked  contrast  to  the  musty  odor  and  taste  of 
the  former.  Its  spread  from  one  apple  to  the  other  is  by  contact 
rather  than  by  a  scattering  of  spores.  It  is  greatly  delayed  by 
cold  but  will  finally  destroy  infected  apples  even  at  cold-storage 
temperatures. 

INTERNAL  BREAKDOWN 

Internal  breakdown  is  a  nonparasitic  disease  associated  with  large 
and  overripe  apples.  It  occurs  on  apples  from  the  various  fruit 
sections  of  the  United  States  and  has  been  reported  from  Australia 
under  the  name  of  "  sleepiness."  It  occurs  on  practically  all  varie- 
ties, but  is  most  serious  on  the  summer  and  early  fall  apples.  It  is 
characterized  by  a  breaking  down  and  browning  of  the  interior  of 
the  apple.  (Fig.  22.)  The  riper  side  of  the  apple  is  often  more 
seriously  affected  than  the  greener  side  and  tne  blossom  half 
worse  affected  than  the  stem  naif.  During  the  earlier  stages  the 
flesh  may  be  found  quite  moist,  but  it  later .  becomes  spongy  and 
rather  dry  and  "  mealy."    The  skin  usually  retains  its  normal  appear- 

"  Sclerotinia  cinerea   (Bon.)   Schrot. 
^Botryiis  sp. 
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ince,  but  is  sometimes  slightly  duller  and  darker  and  in  the  later 
stages  of  the  disease  frequently  cracks  outward.  The  presence  of 
the  disease  can  usually  be  detected  by  the  spongy  softness  of  the 
apple. 

Internal  breakdown  is  particularly  common  on  overmature  apples 
and  on  those  that  have  been  forced  late  in  the  season.    It  may  appear 
at  picking  time  but  is  largely  a  storage  disease.    It  is  a  condition 
that  characterizes  the  end  of  the  life  of  the  apple^  but  when  it  appears 
prematurely  it  may  be  regarded  as  a  definite  disease.    Delay  in  the 
packing  house  or  in  transit  may  be  responsible  for  its  appearance 
later  in  storage  or  upon  removal.     In  commercial-storage  experi- 
ments with  Stayman  Winesap  apples  it  was  found  that  internal 
breakdown  was  greatly  decreased  by  the  use  of  ventilated  barrels  and 
by  storing  in  ventilated  rooms.    The  disease  is  particjilarly  serious  in 
common    storage, 
but  fruit  with  a  de- 
cided   tendency    to 
the  disease  can  not 
be  relied  upon  for 
late  keeping  even  in 
cold  storage. 

FROST  INJURY 

The  freezing  of 
apples  in  transit  or 
in  storage  results  in 
such  a  variety  of  ef- 
fects that  it  is  diffi- 
cult to  give  a  defi- 
nite characteriza- 
tion. Frost  injury 
bears  a  close  resem- 
blance to  internal 
breakdown,  but  the 
internal     browning    _        ^     ,  ,  „  ^.  ,         ... 

4.U«i. ii.«      f^^J!^     FiGDEB  23. — Injury  on  a  Staynxin  Winesap  apple  resultinir 

tnat     results      irom  from  bruises  while  frozen 

freezing  extends  to 

the  surface  of  the  apple,  the  affected  tissue  is  more  watery,  and  the 
conducting  vessels  usually  show  up  prominently  as  dark-brown 
strands  extending  througn  the  flesh.  Unlike  internal  breakdown, 
frost  injury  may  appear  on  any  part  of  the  apple  and  on  the  small 
green  fruit  as  well  as  on  that  which  is  overripe. 

Apples  will  stand  a  temperature  several  degrees  below  32°  F. 
without  freezing,  but  reach  their  limit  for  cold  resistance  at  about 
28**  F.  Some  varieties  are  touched  with  frost  at  this  temperature, 
while  others  remain  free  from  it.  Slightly  frozen  apples  can  usually 
be  thawed  out  in  a  moist  atmosphere  without  showing  injury.  Their 
quality,  however,  is  not  as  good  as  before  the  freezing.  Apples  are 
greatly  damaged  by  any  bruises  made  while  they  are  frozen,  and  if 
irosted  apples  are  to  be  saved,  great  care  must  be  taken  in  handling 
the  packages.  (Fig.  23.)  Apples  that  have  been  badly  frozen  or 
that  have  had  repeated  light  freezes  usually  show  frost  injury,  re- 
gardless of  the  methods  of  thawing. 
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that  have  had  repeated  light  freezes  usually  show  frost  injury,  re- 
gardless of  the  methods  of  thawing. 

SOFT  SCALD 

Soft  scald  is  a  nonparasitic  disease  that  is  particularly  common  on 
the  Jonathan  and  Rome  Beauty  varieties.  In  Australia  it  is  known 
as  Jonathan  scald.  It  produces  sunken  blisterlike  effects  that  ex- 
tend over  the  apple  in  peculiar  patterns.  (Fig.  24.)  Before  ex- 
posure to  the  warm  air  the  diseased  spots  on  red  fruit  surfaces  may 
have  a  whitish  or  pink  color  and  the  flesh  beneath  also  be  pink,  the 
effects  apparently  being  produced  by  a  spread  of  coloring  matter 
from  the  skin  into  the  flesh.  After  exposure  to  warm  air  the  scalded 
area  and  the  flesh  beneath  become  light  brown  in  color.  The  affected 
tissue  is  very  soft  and  the  line  of  demarcation  between  it  and  the 
healthy  tissue  is  extremely  sharp.      The  disease  resembles  certain 

types    of    frost    injury 

-^-T-* —  rather  closely,  and  dani- 

,'^^  '  \,  ages    have    frequently 

been  paid  for  frost  when 
the  trouble  was  really 
soft  scald.  Frost  iniury, 
however,  seldom  snows 
the  clear-cut  margin  and 
the  soft,  light-brown 
flesh  that  characterize 
soft  scald.  Secondary 
fungous  infections  some- 
times follow  soft  scald, 
spotting  the  brown  area 
with  black. 

Soft  scald  is  appar- 
ently due  primarily  to  a 
deficiency  in  oxygen  in 
the  air  surrounding  the 

Figure  24.— Soft  scald  on  a  Jonathan  apple  apples.      It   Can    be    pro- 

duced by  inclosing  ap- 
ples for  a  few  days  in  an  air-tight  jar  at  living-room  temperature. 
In  commercial  practice  the  dangers  irom  the  disease  may  be  greatly 
increased  by  delays  in  reaching  storage,  especially  if  the  packages 
are  tight  and  held  without  opportunity  lor  ventilation.  Under 
cold-storage  conditions  soft  scald  is  much  more  likely  to  develop  at 
temperatures  that  border  on  the  freezing  point  for  the  apples  than 
at  temperatures  a  few  degrees  higher. 

SCALD 

Scald  is  a  transportation  and  storage  disease  that  is  produced  by 
the  gases  given  off  by  the  apples  themselves.  It  is  particularly  seri- 
ous on  the  York  Imperial,  Grimes  Golden,  Arkansas  {Mammoth 
Black  Tvngr)j  Rome  Beauty,  Rhode  Island  Greening,  Stayman  Wine- 
sap,  Wagener,  and  Baldwin  varieties,  and  it  occurs  at  times  on 
almost  every  variety  of  apple. 
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sap,  Wagener,  and  Baldwin  varieties,  and  it  occurs  at  times  on 
almost  every  variety  of  apple. 

Scald  can  be  distinguished  from  all  other  apple  diseases  by  its 
preference  for  the  greener  side  of  the  apple.  In  mild  cases  of  the 
disease  the  apple  is  merely  tinted  with  brown  (see  title-page  illustra- 
tion), but  in  more  severe  cases  the  entire  skin  layer  is  killed  and  some- 
times broken  down  to  the  extent  that  it  will  slough  off  readily  from 
the  flesh.  In  some  instances  the  flesh  becomes  dead  and  brown  to  a 
depth  of  half  an  inch,  and  the  disease  takes  on  the  appearance  of  an 
apple  rot;  but  true  rot  usually  spreads  down  into  the  flesh  in  more  or 
less  conical  shape,  while  scald  is  usually  diffuse,  spreading  over  a 
large  area  without  having  much  depth.  An  apple  that  has  had  its 
skin  killed  by  scald  becomes  the  ready  prev  of  the  various  rot 
organisms,  and  they  soon  finish  the  work  of  destruction  that  the 
scald  has  begun. 

It  has  been  generally  believed  that  scald  is  due  to  the  warming 
of  the  fruit  after  it  has  been  removed  from  cold  storage.  This  idea 
comes  from  an  erroneous  interpretation  of  very  familiar  facts,  and 
this  misconception  in  regard  to  the  nature  of  scald  has  often  resulted 
in  throwing  the  responsibility  for  its  occurrence  upon  the  wrong 
party.  It  is  true  that  apples  usually 
show  but  little  scald  while  held  con- 
tinuously in  cold  storage,  and  it  is  also 
true  that  fruit  apparently  free  from 
disease  may  become  badly  scalded  after 
exposure  to  warm  air  for  a  few  days; 
but  the  apples  were  already  potentially 
scalded  while  still  in  storage  and  mere- 
ly required  the  open  air  and  the  higher 
temperatures  to  allow  their  death 
processes  to  be  completed.  Experi- 
mental evidence  indicates  that  the  real 
cause  of  scald  is  to  be  found  in  the 
accumulation  of  certain  gases  given  off 
by  the  apples  themselves. 

The  responsibility  for  scald  does  not 
always  lie  in  the  same  quarter.  Its  occurrence  is  influenced  by 
orchard,  packing-house,  and  transportation  as  well  as  by  storage  con- 
ditions. Large  apples  and  those  that  have  been  forced  late  in  the 
season  by  heavy  irrigation  or  rains  have  an  increased  susceptibility 
to  scald.  Apples  that  have  been  scarred  and  russeted  by  powdery 
mildew  are  rendered  more  susceptible,  while  those  from  trees  that 
have  been  badly  affected  with  cedar  rust  are  very  resistant  to  scald. 
Fruit  that  is  picked  green  is  much  more  susceptible  than  that  which 
is  left  on  the  trees  till  well  matured.  The  holcling  of  apples  in  closed 
packing  sheds  or  in  unrefrigerated  cars  may  be  responsible  for  the 
development  of  scald  later  in  storage  or  upon  removal  from  storage. 
Placing  large  quantities  of  warm  iruit  in  a  particular  storage  room 
instead  of  distributing  it  in  several  rooms  is  likely  to  result  in 
delayed  cooling  and  in  heavy  losses  from  scald. 

The  development  of  scald  is  much  more  rapid  at  high  than  at  low 
temperatures.  (Fig.  25.)  Apples  scald  far  less  in  boxes,  crates,  or 
ventilated  barrels  (barrels  with  15  holes  three- fourths  of  an  inch  by  4 
inches  cut  in  the  staves)  than  in  the  usual  commercial  barrels,  esi>e- 
cially  if  the  storage  room  is  allowed  considerable  change  of  air. 
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FiGCBB  25. — Effect  of  temperature 
on  the  development  of  scald  on 
Grimes  Golden  apples.  The 
upper  part  of  the  ngure  shows 
the  percentage  of  scald  at  the 
various  temperatures  at  the  end 
of  7  weeks;  the  lower  part,  the 
percentage  of  scald  at  the  lower 
temperatures  at  the  end  of  14 
weeks.  At  this  time  no  apples 
were  left  at  the  higher  tem- 
peratures 


18  farmers'  BUl^LETIN    1160 

They  scald  far  less  when  located  near  the  door  of  the  storage  room 
than  when  in  the  back  corners  away  from  the  aisles.  Open  stacks 
and  air  spaces  contribute  to  the  prevention  of  scald. 

The  most  efficient  and  practicable  method  of  scald  control  is  that  of 
packing  the  apples  in  oiled  (not  waxed)  paper.  (Fig.  26.)  OUed 
wraps  should  be  used  on  the  boxed  apples  and  shredded  oiled  paper 
on  the  apples  in  barrels,  hampers,  and  baskets.  About  a  half  pound 
of  shredded  paper  is  reauired  for  each  bushel  of  apples,  and  it  must 
be  well  distributed  in  the  package,  practically  every  apple  having 
more  or  less  contact  with  the  paper.  The  oiled  wraps  and  the 
shredded  oiled  paper  should  carry  at  least  15  per  cent  of  their  fin- 
ished weight  in  odorless,  tasteless  mineral  oil  (1  pound  or  more  to 
each  1,600  to  2,000  wrappers),  and  18  to  20  per  cent  of  oil  or  more  is 
desirable,  especially  with  the  more  susceptible  varieties. 

INTERNAL  BROWNING 

Internal  browning  is  a  nonparasitic  storage  disease  that  is  decidedly 
regional  in  its  occurrence.    It  has  never  been  reported  as  of  economic 


Figure  26. — Effect  of  oiled  wrappers  in  scald  preveDtion.  Tliese  York  Imperial  appl^ 
were  removed  from  cold  storage  on  March  5  and  photographed  on  March  15.  Thow 
on  the  left  were  wrapped  in  oiled  wrappers;  those  on  the  right  were  unwrapped.  At 
the  tinfe  of  removal  from  storage  the  two  lots  looked  alike,  hut  three  dajrs  later  the 
unwrapped  apples  were  hadly  scalded,  and  at  the  end  of  10  days  they  were  almost 
entirely  rotten,  as  shown  in  the  illustration.  The  apples  that  had  heen  held  in  oiled 
wrappers  while  in  storage  were  still  sound  after  three  weeks  in  a  warm  lahoratory 

importance  in  the  United  States  except  on  the  apples  from  the  Pajaro 
Valley  in  California.  The  Yellow  Newtown  is  the  important  storage 
variety  of  this  section.  Internal  browning  differs  from  internal 
breakdown  in  the  fact  that  the  affected  tissue  is  not  soft,  and  also 
in  that  the  browning  first  appears  as  somewhat  elongated  areas 
radiating  outward  from  the  central  portion  of  the  apple  and  from 
the  primary  vascular  bundles. 

Internal  browning  is  most  effectively  controlled  by  storing  the 
apples  at  a  temperature  of  36°  to  40°. F.  The  usual  cold-storage 
temperatures  are  particularly  favorable  to  the  development  of  the 
disease. 

THE  STORAGE  LIFE  OF  APPLES 

It  is  generally  recognized  that  each  variety  of  apple  has  its  own 
storage  limitations  and  that  the  keeping  quality  of  the  fruit  varies 
from  year  to  year.  Dealers  plan  to  dispose  of  their  apples  while 
they  are  still  in  good  condition,  and  if  it  is  found  necessary  to  hold 
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than  till  they  are  near  the  end  of  their  storage  life  a  close  watch 
is  usaally  kept  to  see  that  their  limit  is  not  exceeded.  In  spite  of 
these  precautions  large  quantities  of  apples  fall  prey  to  rots  and 
scald  mstead  of  serving  their  purpose  as  food.  This  loss  is  not  all 
sustained  bv  the  dealer,  but  may  be  passed  along  to  the  retailer  and 
finaUy  to  the  consumer.  The  relation  of  supply  and  demand  and 
the  behavior  of  the  markets  are  sometimes  responsible  for  fruit  being 
held  too  late,  but  much  of  the  loss  on  stored  fruit  is  due  to  mis  judg- 
ment in  regard  to  its  stora^  life,  abuses  that  destroy  its  protective 
skin  layer,  and  faulty  shipping  and  storage  conditions. 

Froit  spot,  stigmonose,  and  even  small  olotch  specks  usually  have 
little  effect  upon  the  storage  life  of  the  fruit;  but  scab,  black  rot,  and 
bitter  rot  specks  may  greatly  shorten  its  life.  Apples  from  trees 
affected  by  anthracnose  or  perennial  canker  and  those  showing  a 
tendency  to  bitter  pit  will  probably  become  diseased  even  in  cold 
storage.  Coarse  overgrown  apples  and  apples  that  are  forced  late 
in  the  season  can  never  be  relied  upon  for  late  keeping.  The  sound 
skin  of  the  apple  forms  an  almost  complete  protection  from  storage 
rots,  but  punctures  and  scratches  pave  the  way  for  early  decay. 
When  fruit  is  placed  in  cold  storage  immediately  upon  picking, 
the  rots  develop  slowly ;  but  if  the  rot  organisms  can  have  a  weelrs 
start  on  the  warm  fruit  they  will  make  a  rather  rapid  growth  even 
at  32°  F.  Scald  is  the  most  deceptive  of  all  the  storage  troubles. 
Apples  may  become  badly  scalded  while^  in  storage,  yet  appear  en- 
tirely healthy  until  exposed  to  warmer  air.  This  peculiarity  of  the 
disease  has  often  resulted  in  heavy  losses  and  serious  misunder- 
standings in  connection  with  afterstorage  shipments  of  fruit,  and  it 
has  served  as  a  ^at  handicap  in  the  distribution  of  apples  to  smaller 
centers.  The  time  of  the  appearance  and  the  severitv  of  scald  may 
be  somewhat  influenced  by  the  growth  conditions  in  the  orchard,  but 
they  are  largely  determined  by  the  treatment  that  the  fruit  receives 
after  it  has  been  packed. 
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DODDER  is  a  parasitic  plant,  infesting  clover  and  alfalfa 
chiefly.  It  is  a  bad  weed  in  Europe,  though  conditions 
in  the  United  States  are  not  as  fVivorable  as  in  Europe  for 
damage  by  dodder;  hence  the  appearance  of  the  pest  on  the 
farm  Should  not  occasion  undue  alarm.  Nevertheless,  dod- 
d*^r  may  cause  a  great  deal  of  damage,  and  it  should^  not  be 
allowev  to  grow  unmolested. 

Dodder  : :  usually  introduced  on  the  farm  by  impure  seed. 
Other  means  are  infested  hay;  moving  objects,  such  as  ani- 
mals and  wagons;  irrigation  water  carrying  seeds  and  pieces 
of  stem;  and  viable  dodder  seeds  contained  in  stable  manure. 

Dodder  seed,  with  the  exception  of  that  of  large-seeded 
dodder,  may  be  cleaned  from  impure  clover  and  alfalfa  seed 
by  screening.  It  is  practically  impossible  to  remove  large- 
seeded  dodder  by  screening.  The  seeds  of  field  dodder  are 
also  difficult  to  remove  entirely  from  clover  and  alfalfa  seed. 

Dudng  the  first  season  of  infestation  in  clover  or  alfalfa, 
dodder  usually  occurs  in  small  scattered  areas.  Such  in- 
fested areas  should  be  either  mowed  and  removed  before 
the  dodder  matures  seed  or  else  burned  in  the  field.  If  seed 
has  formed,  burning  is  the  only  remedy,  since  it  kills  not 
only  the  plants. but  also  any  seeds  of  dodder  which) may  be 
lying  on  the  soil  surface. 

If  the  infestation  is  so  great  that  patch  treatment  is  im- 
practicable, the  crop  may  be  either  plowed  under  or  utilized 
for  hay  and  the  aftermath  closely  grazed  to  prevent  seed 
from  forming.  Sheep  are  especially  useful  in  grazing  dod- 
der. If  dodder  seed  has  formed  and  tl^e  crop  has  been  very 
seriously  damaged,  the  safest  method  is  to  cut  the  crop, 
allow  it  to  dry,  and  burn  it  in  the  field. 

Dodder  does  not' attack  cereals;  consequently  oats,  wheat, 
etc.,  should  be  incorporated  in  the  rotation  following  the 
infestation  of  the  soil  with  dodder  seeds.  A  tilled  crop, 
such  as  corn,  will  cleanse  the  soil  of  most  of  the  dodder 
seeds.  In  place  of  clover  or  alfalfa,  other  legumes,  such  as 
soy  beans,  velvet  beans,  and  cowpeas,  may  be  grown,  since 
dodder  never  damages  any  of  these  crops.  The  seeds  of 
dodder  in  the  soil  may  remain  viable  for  a  period  of  five 
years  or  longer. 

A  number  of  cultivated  crops  besides  clover  and  alfalfa 
-are  subject  to  dodder  infestation;  the  most  important  of 
these  are  sugar  beets,  onions,  and  flax. 
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THE  NOXIOUS  CHARACTER  OF  DODDER. 

FVDEING  RECENT  YEARS  an  increasing  number  of  complaints 
*^  of  dodder,  or  love  vine,  have  been  received  from  all  parts  of 
the  United  States.  The  weed  seems  particularly  troublesome  in 
southern  California,  Virginia,  Utah,  Kentucky,  and  Colorado  and 
in  all  regions  in  which  clover  and  alfalfa  are  raised  for  seed. 
Although  a  noxious  weed,  dodder  is  not  to  be  feared  in  the  United 
States  in  the  same  degree  that  it  is  dreaded  in  Europe.  In  parts  of 
Europe,  especially  in  certain  regions  of  Germany,  the  production  of 
clover  seed  has  ceased  because  of  the  ravages  of  dodder.  The  con- 
ditions in  this  country  do  not  seem  to  be  as  favorable  as  in  Europe  for 
the  development  of  dodder;  hence  the  discovery  of  dodder  on  the 
farm  should  not  be  the  occasion  for  serious  alarm  but  rather  for  the 
employment  of  a  well-conceived  and  "systematic  plan  for  its  extermi- 
nation. Eradication  is  not  difficult  if  intelligent  thought  and  action 
are  devoted  to  the  problem.  Dodder  has  been  more  legislated  against 
than  any  other  'weed,  with  the  possible  exception  of  Canada  thistle. 

COMMON  NAMES  OF  DODDER. 

As  with  all  our  troublesome  weeds,  the  common  names  by  which 
dodder  is  known  vary  according  to  locality.  These  various  names 
in  different  parts  of  the  country  are  frequently  descriptive  of  the 
characteristics  of  the  plant.  These  common  names,  in  addition  to* 
dodder  and  love  vine,  which  are  most  frequently  us^d,  are  strangle- 
weed,  devilVguts,  goldthread,  pull-down,  devil's  ringlet,  hellbind, 
hairweed,  devil's-hair,  and  hailweed.  The  plant  upon  which  dodder 
grows  is  called  the  host.  For  example,  flax  is  the  host  for  flax  dodder 
and  clover  the  host  for  clover  dodder. 
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DESCRIPTION  OF  DODDER. 

When  large  enough  to  become  noticeable,  dodder  is  a  slender 
twining  parasite.  (Fig.  1.)  The  tough,  curling,  threadlike,  leafless 
stems  (fig.  2)  are  usually  yellowish  or  of  orange  color,  but  they  are 

sometimes  tinged 
with  red  or  purple 
arid  occasionally  are 
almost  white.  Close 
examination  of  the 
stem  will  reveal 
minute  scales,  the 
rudiments  of  leaves. 
The  tiny  flowers 
occur  in  massed 
clusters  (fig.  3)  from 
early  June  until 
frost.  They  may  be 
white,  pink,  or  yel- 
lowish, and  the  ordi- 
nary flower  parts  are 
barely  visible  to  the 
naked  eye.  The  tiny 
gray  to  reddish 
brown  seeds  are  pro- 
duced in  abundance, 
a  single  plant  being 
capable  of  maturing 
upward  of  three 
thousand.  Seeds 
ripen  from  July 
until  frost.  In  occa- 
sional  adverse  sea- 
sons no  flowers  are 
formed. 

Usually  during 
the  first  season  of 
infestation,  dodder 
is  noticeable  in  the 

Pig.  1. — Young  alfalfa  seedlings  attacked  by  alfalfa  dodder.  /•   i  i    •       .v      #  t 

Note   especially   how   the  lower  portions   of   the  dodder  lield   m   the  lorm  01 

stems   have   withered   and   died,    thus   losing   connection  scattered      vellowish 
with  the  ground.*  t#     ii  j  i. 

areas.  If  allowed  to 
produce  seed  and  clover  or  alfalfa  is  grown  the  second  season,  so 
much  dodder  will  frequently  be  present  that  the  entire  field  will  turn 
yellowish,  the  color  of  the  dodder  predominating  over  that  of  the 
leguminous  crop. 
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SPECIES  OF  DODDER  AND  PLANTS  WHICH  THEY  ATTACK. 

AlU^ther  about  50  species  of  dodder  are  found  in  America,  about 
32  of  which  are  native.  Usually  the  native  dodders  are  not  as 
troublesome  as  the  introduced  species.  The  field  dodder,*  one  of  our 
troublesome  native  species,  now  occurs  in  Europe.  The  several  species 
of  dodder  are  very  similar  in  appearance,  and  an  expert  is  required  to 
distinguish  one  from  another.  For  this  reason,  no  attempt  will  be 
made  to  describe  the  different  species. 

It  is  important  to  know,  however,  that  some  of  the  dodders  show 
marked  preference  for  certain  crops;  as,  for  example,  the  small- 
seeded  alfalfa  dodder,  which  is  practically  never  very  harmful  on 


Fig.  2. — Branches  of  clover  infested  with  dodder. 

any  crop  except  alfalfa,  though  it  may  grow  on  other  plants.  Again, 
flax  dodder  in  its  growth  is  practically  restricted  to  the  flax  crop. 

Conspicuous  exceptions  to  this  rule  are  the  common  dodder  and 
the  field  dodder,  which  seem  indifferent  as  to  their  hosts,  attacking 
plants  as  diverse  as  ragweed  and  onion.  None  of  the  dodders  affect 
oats,  wheat,  or  other  cereal  crops. 

A  knowledge  of  the  species  infesting  a  crop  is  frequently  of 
practical  importance.  For  example,  clover  dodder*  rarely  seeds  in 
the  United  States;  hence  it  is  to  be  feared  only  during  the  first  season 
after  sowing  and  not  thereafter,  although  under  favorable  condi- 
tions it  may  live  over  by  means  of  stems.  Again,  the  large-seeded 
alfalfa  dodder  is  damaging  usually  to  alfalfa  only  and  ordinarily 
will  not  seriously  harm  clover.  Furthermore,  it  is  important  to  be 
able  to  recognize  the  various  species  of  dodder  by  means  of  the  seed 
found  as  impurities  in  commercial  seed.     Thus,  the  small-seeded 


^  Cum>uta  arvensis. 


*  Cu8cuta  epithymum. 
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alfalfa  dodder  causes  damage  throughout  the  West,  but  is  not  to  be 
feared  in  the  East.     It  is  suggested  that,  in  order  to  determine 
species,  either  the  seeds  found  in  commercial  seed  or  specimens  of 
flowers  collected  in  the  field  be  sent  to  the  State  agricultural  ex- 
periment station  or 
to  the  United  States 
Department  of  Agri- 
culture  for  identifi- 
cation. 

The  species  of 
dodder  which  are 
most  damaging  in 
the  United  States 
and  their  host  plants 
are  described  in  the 
following  para- 
graphs : 

Small -seeded  alfalfa 
dodder.* — The    small- 
seeded  dodder  was  in- 
troduced from  southeru 
Europe    and    occurs   in 
the    West,    but    is   not 
found  in  the  East     It  at- 
taclss  a  number  of  plants, 
but  is  particularly  trou- 
blesome in  alfalfa. 

Field  dodder*  — Vu- 
like  most  species,  field 
dodder  shows  little 
preference  as  to  the 
plants  which  it  attacks, 
since  it  will  grow  on 
leguminous    crops    and 

r^      o     r,.w         ^  X  .,.«.-.    w        ^  ^^     .    ^  wild  plants  with  equal 

Fig.  3. — The  specimen  at  the  right  shows  dodder  in  flower,      4,     .|.  ,f^. 

while  the  one  at  the  left  shows  dodder  in   fruit     The      facility.      The  stems  Of 
host  plant  Is  red  clover.  this     species     are    pale 

yellow  in  color,  a  char- 
acteristic which  is  useful  when  determining  the  species  in  the  field.  Field 
dodder  is  a  native  species,  growing  in  most  parts  of  the  United  States,  but 
causing  the  greatest  damage  east  of  the  Mississippi  River.  During  certain  sea- 
sons when  climatic  conditions  are  favorable  for  its  development,  this  species  is 
unusually  prevalent.  Its  seed  is  a  common  impurity  in  conunercial  seed,  and 
this  species  is  one  of  the  most  destructive  of  all  the  dodders. 

Clover  dodder.^ — Clover  dodder  shows  a  decided  preference  for  clover  and 
alfalfa.  It  is  an  introduced  species,  occurring  in  parts  of  the  West  and  found 
In  the  East  from  Maine  to  Pennsylvania.    Its  maximum  damage  occurs  during 

*  Cuscuta  plani/lara.  *  Cu8cuta  arvcnsis.  ■  Cu^cuta  ev^hvmum. 
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the  first  year  in  fields  planted  with  imported  seed,  since  it  rarely  seeds  in  the 
United  States.    The  stems  of  clover  dodder  are  distinctly  reddish  in  color. 

Large-seeded  alfalfa  dodder.*— The  large-seeded  dodder  attacks  a  number 
of  plants,  bnt  exhibits  a  decided  preference  for  leguminous  crops,  particularly 
alfalfa.  It  is  a  native  species,  common  westward,  rarely  found  in  the  E3ast, 
and  but  occasionally  in  the  South. 

Common  dodder.''— The  common  dodder  resembles  the  field  dodder  in  its 
iDdifference  to  the  plants  which  it  may  attack.  It  is  usually^  the  species  com- 
plained of  as  attacking  garden  ornamentals,  and  it  may  even  infest  hedges  and 
wIllow&    It  is  native  in  the  United  States. 

Chilean  dodder.*— Chilean  dodder  attacks  clover  and  alfalfa.  This  is  a 
common  South  American  sx)ecies  which  was  introduced  into  the  Mississippi 
Valley  and  California,  where  it  caused  some  loss.  It  has  been  little  feared 
during  recent  years,  although  the  seeds  of  this  species  •ere  frequently  found  in 
red-clover  and  alfalfa  seed  from  South  America. 

Dodder  is  of  economic  importance  principally  because  of  the  dam- 
age it  causes  in  clover  and  alfalfa.     For  this  reason  the  term 
"  dodder,"  as  used  in  the  following  pages,  refers  to  clover  and  alfalfa . 
dodders  unless  otherwise  specified. 


Dodder  is  a  parasite.  Soon  after  it  establishes 
connection  with  a  host  plant  (usually  clover  or 
alfalfa),  dodder  loses  its  hold  on  the  ground  and 
lives  entirely  on  the  host. 


UFE  HISTORY  OF  A  SINGLE  DODDER  PLANT. 

As  an  example  to  illustrate  the  life  history  of  a  single  dodder 
plant,  we  may  select  clover  dodder.®  All  dodders  reproduce  from 
seed.  (Figs.  4,  a,  and  5.)  The  tiny  seed  germinat^  *(fig.  4,  6), 
using  all  its  stored-up  food  in  the  production  of  a  slender  yellowish 
shoot,  somewhat  resembling  a  bent  toothpick.  (Fig.  4,  c.)  This 
leafless,  almost  rootless,  stem  rotates  until  it  comes  in  contact  with 
a  congenial  host,  such  as  clover.  (Fig.  4,  d.)  With  some  species  of 
dodder  the  seedling  may  attack  almost  any  plant  growing  in  the 
field,  but  will  leave  this  temporary  host  as  soon  as  it  can  climb 
within  reaching  distance  of  near-by  clover  or  alfalfa.  In  case 
suitable  contact  is  not  established,  the  temporary  stem  lies  dormant 
on  the  soil  *f or  four  or  five  weeks  and  then  dies. 

If  a  suitable  host  is  encountered,  the  tiny  stem  immediately  begins 
to  climb  by  encircling  the  host  plant.    (Figs.  1  and  4,  e,)    Let  us  say, 

•CiMcu/a  indecora.  ^  Cttscuta  racemoaa  chilcana. 

*  Cmcuta  gronovik  '  In  figure  4  alfalfa  is  shown  as  the  host. 
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Fia.  4. — Dla^ammatlc  repr«*8entation  of  the  complete  life  cycle  of  dodder  on  alfalfa 
plants,  a.  The  seed,  ft,  Germination  of  the  seea.  c.  Young  dodder  seedlinc,  showing 
manner  of  rotation.  Unless  the  seedling  comes  in  contact  with  a  suitable  host  plant 
It  will  perish.  The  usual  host  Is  a  legume,  such  as  clover  or  alfalfa.  Note  the  re- 
mains of  the  seed  coats  on  the  ground,  d,  The  dodder  seedling  in  contact  with  a 
suitable  host  plant  (in  this  case,  an  alfalfa  seedling)  has  wound  itself  around  the 
stem  of  the  host,  e.  Soon  after  contact,  the  dodder  sends  minute  *'  suckers,"  termed 
haustoria,  into  the  host  tissues,  which  sap  nutrition  from  the  host  plant.  Note 
especially  the  characteristic  withering  of  the  lower  portion  of  the  dodder  stem,  which 
has  now  lost  all  connection  with  the  ground. «  The  dodder  has  climbed  to  the  upper 
portions  of  the  host,  with  which  it  will  continue  to  grow  until  the  alfalflt  either  ma- 
tures or  is  killed  previous  to  maturing,  f.  The  originally  infested  alfalfa  plant  Is 
shown  at  the  left  Both  the  alfalfa  and  the  dodder  are  In  flower.  The  dodder  tendrils 
have  secured  a  hold  upon  an  adjacent  alfalfa  plant  previously  not  infested.  §,  The 
dodder  and  the  alfalfa  plants  have  now  matured  seed,  although  the  presence  of  the 
dodded  seriously  interferes  with  the  production  of  seed  on  the  part  of  the  host.  The 
originally  infested  alfalfa  plant  (at  the  left)  has  withered  and  is  almost  dead,  owing 
to  the  effects  of  the  dodder..  The  death  of  the  host  also  kills  the  dodder,  but  the  para- 
site continues  to  live  on  tlie  more  recently  infested  host  at  the  right,  although  this 
newer  host  likewise  is  showing  signs  of  wilting.  The  dodder  thus  lives  on  by  passing 
from  one  plant  to  another,  while  tne  seed  carries  the  parasite  over  winter,  to  germinate 
the  following  spring  and  so  start  a  new  life  cycle. 
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for  example,  that  the  host  is  clover.  The  dodder  obtains  its  nutri- 
tion by  sinking  minute  suckers,  termed  haustoria,  into  the  food- 
conducting  tissues  of  the  clover  (fig.  6),  thus  extracting  elaborated 
food,  which  is  utilized  by  the  dodder  in  growth.  These  suckers 
actually  secrete  a  substance  called  diastase,  which  dissolves  the 
starchy  substances  in  the  host.  The  suckers  may  be  considered  as 
tiny  roots  which,  instead  of  obtaining  crude  food  from  the  soil, 
extract  elaborated  food  from  the  clover.  The  base  of  the  dodder 
soon  shrivels  and  dries,  thus  losing  all  connection  with  the  ground. 


Fic.  5. — ^The  seeds  of  dodder  and  red  clover.  Note  the  smooth  seed  coats  and  conspicuous 
scars  of  the  red-clover  seed  and  the  roughened . seed  coats  of  the  dodder  seeds.  Mag- 
nified nine  diameters. 

(Figs.  1  and  4,  e.  The  dodder  climbs,  gaining  growth  and  strength 
at  the  expense  of  the  clover  upon  which  it  grows.  As  it  reaches  the 
top  of  the  clover,  the  twisting  tips  of  the  dodder  reach  out  and  attack 
adjacent  plants  (fig.  4,  /),  until  a  gradually  increasing  circle  of  in- 
festation is  formed. 

Meantime,  the  clover  plants  first  attacked  are  usually  killed  to  the 
roots  (fig.  4,  ^)  and  the  dodder  upon  them  also  dies,  but  the  dodder 
on  the  newly  attacked  clover  at  the  edge  of  the  infested  area  keeps 
alive.  During  all  this  time  the  dodder  is  ripening  seed,  which  falls 
to  the  ground,  some  of  it  soon  germinating  and  attacking  the  young 
l»>.531'*— 20 2 
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shoots  arising  from  the  roots  of  the  hosts  until  the  clover  plants 
are  entirely  killed.  Half-ripe  dodder  seeds  germinate  as  readily  as 
those  fully  matured. 

The  dodder  winters  over  either  by  means  of  seed  which  lie  dor- 
mant in  the  soil  or  by  means  of  its  stems,  which  are  not  always  all 
killed  by  the  winter's  frost,  but  may  renew  growth  when  the  favor- 
able conditions  of  spring  arrive.   In  Maryland  little  seed  is  produced, 

the  dodder  living 

over  winter  almost 
entirely  by  the 
stems  close  to  the 
ground. 

HOW  DODDER  IS 
INTRODUCED 
ON  THE  FARM. 


Fig.  0, — Cross  section  of  clover  and  dodder  stems.  Note  the 
two  "  suckers  "  (haustoria)  by  means  of  which  the  dodder 
extracts  nutrition  from  the  clover.  Greatly  enlarged. 
(Original.) 


Dodder  may  be 
introduced  and 
disseminated  on 
the  farm  by  vmy 
of  the  following 
methods. 

Impure  seed. — 
Impure  seed  is  by 
far  the  most  com- 
mon  means  of 
bringing  dodder 
to  the  farm.  This 
is  true  not  only  of 
domestic  seed,  but 
also  of  European  seed.  In  many  parts  of  Europe  it  is  unlawful 
to  sell  clover  or  alfalfa  seed  containing  even  a  single  seed  of 
dodder;  consequently,  a  great  deal  of  this  seed  is  exported  to  the 
United  States.  This  was  particularly  true  before  the  passage  of 
the  Federal  law  which  excludes  all  commercial  seed  containing  one 
or  more  dodder  seeds  per  5  grams  of  commercial  seed. 

Dodder 'infested  hay. — Not  only  does  hay  secured  from  a  dodder- 
infested  field  spread  the  pest  by  means  of  the  seed,  but  the  scattering 
of  pieces  of  dodder  stems  may  serve  to  spread  the  pest  in  case  they 
come  in  contact  with  suitable  hosts.  It  must  be  remembered  that  a 
piece  of  dodder  branch  when  freshly  cut  can  cause  infestation  almost 
as  readily  as  a  seed. 

An  important  consideration  in  the  spread  of  dodder  is  its  •ability 
to  mature  seed  after  it  has  been  cut.    An  infested  hay  crop  may  be 
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cut  when  the  dodder  is  just  past  the  flowering  stage  and  the  seeds 
have  not  as  yet  apparently  matured,  but  the  nutrition  contained  in 
the  cut  plants  may  frequently  be  sufficient  to  enable  the  dodder  to 
ripen  seeds.  Furthermore,  while  dodder-infested  hay  is  being  trans- 
ported, small  clusters  of  flowers  and  fruit  are  frequently  scattered 
and  serve  to  spread  the  weed. 


Never  use  clover  or  alfalfa  seed  obtained  from  a 
field  known  to  contain  dodder. 


Moving  men  and  objects, — Farm  workers  and  moving  objects, 
such  as  wagons  and  farm  animals,  occasionally  carry  dodder  seeds, 
pieces  of  stems,  and  clusters  of  flowers  from  place  to  place.  Manure 
containing  the  seeds  of  dodder  sometimes  adheres  to  the  hoofs  of 
animals  and  to  other  moving  objects,  and  the  weed  is  scattered  by  this 
means. 

Irrigation  waiter. — In  the  irrigated  districts  of  the  West,  irriga- 
tion water  frequently  carries  dodder  by  means  of  seeds  and  pieces  of 
branches. 

Infested  manure. — Although  dodder  seeds  may  pass  through  the 
digestive  tracts  of  grazing  animals  and  retain  their  vitality,  the 
danger  from  infested  manure  is  somewhat  remote  unless  very  fresh 
manure  is  used. 

HOW  TO  PREVENT  THE  INTRODUCTION  OF  DODDER  ON  THE 

FARM. 

As  with  all  weeds,  and  especially  dodder,  preventing  their  intro- 
duction on  the  farm  is  far  easier  than  eradication  after  they  have 
once  gained  a  foothold. 


When  animals  are  allowed  to  graze  where  dod- 
der grows,  they  should  not  have  access  to  fields 
not  infested,  since  they  are  likely  to  spread  the 
weed  by  means  of  pieces  of  stems  adhering  to 
their  coats  and  hoofs. 


Dodder  may  be  prevented  from  entering  the  farm  by  observing 
the  following  rules: 

(1)  Do  not  sow  dodder-Infested  seed. 

(2)  Do  not  use  dodder-infested  hny. 

(3)  Do  not  aUow  animals  from  a  dodder-infested  field  to  have  access  to 
dodder-free  fields. 
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(4)  Do  not  allow  dodder  to  grow  where  Irrigation  water  may  carry  the 
pest  from  place  to  place. 

(5)  Do  not  use  farm  manure  suspected  of  containing  dodder  seed  until  such 
manure  has  been  composted  for  a  period  of  at  least  six  weeks. 

Of  these  five  rules,  by  far  the  most  important  is  the  one  relative 
to  the  use  of  clean  seed. 

SUGGESTIONS  FOR  PROVIDING  CLEAN  SEED. 

Before  sowing  clover  or  alfalfa  the  seeds  should  first  be  examined 
for  dodder.  This  may  be  done  either  at  home  or  by  sending  a  sample 
to  the  State  agricultural  experiment  station  or  to  the  Seed  Labora- 
tory of  the  United  States  Department  of  Agriculture.  Unless  one 
is  familiar  with  the  appearance  of  dodder  seeds,  they  are  diflScult  to 
detect,  since  dodder  seeds  range  in  size,  according  to  species,  from 
a  grain  of  sand  to  that  of  alfalfa  seed,  and  even  larger.  For  ade- 
quate examination  a  magnifying  glass  is  necessary.  By  studying 
figure  5,  showing  an  enlarged  view  of  dodder  seed,  more  can  be 
learned  regarding  the  appearance  of  the  seed  of  dodder  than  from 


Learn  to  recognize  the  appearance  of  dodder 
seed.  This  knowledge  is  a  safeguard  against  pur- 
chasing dodder-infested  clover  or  alfalfa  seed  on 
the  open  market. 


pages  of  description.  In  general,  these  seeds  are  usually  dull  coated, 
with  roughened  or  minutely  pitted  surfaces,  and  each  seed  has  three 
flat  surfaces,  while  the  seeds  of  clovers  are  usually  smooth,  rounded, 
and  possess  a  certain  luster.  Furthermore,  the  scar  on  dodder  seeds 
usually  is  very  inconspicuous,  whereas  the  scar  on  leguminous  seeds 
is  clearly  evident.  Dodder  seeds  range  in  color  from  dark  brown  to 
green  or  yellow.  Ability  to  recognize  dodder  seed  will  be  found 
to  be  valuable  when  purchasing  clover  or  alfalfa  seed  upon  the 
market 

CLEANING. 

The  cleaning  of  impure  seed  in  large  lots  is  most  economically  done 
by  seed  companies  equipped  with  special  machinery  for  this  pur- 
pose. On  the  farm  the  use  of  screens  is  helpful,  although  the  com- 
plete removal  of  dodder  seeds  is  verj^  difficult.  The  removal  of 
large-seeded  dodder  from  clover  and  alfalfa  seed  has  been  found 
to  be  practically  impossible.  For  other  lands  of  dodder  the  best 
results  have  been  obtained  by  the  use  of  a  sieve  made  of  wire  having 
20  meshes  to  the  inch  and  of  No.  30  to  34  thickness. 

In  general,  home  screening  to  remove  dodder  seed  is  at  best  a 
difficult  and  frequently   an   unsatisfactory   procedure.    Where  the 
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large-seeded  dodder  is  aoundant,  it  is  best  to  discard  infested  seed 
entirely.  It  is  possible  to  plant  such  seed  so  deeply  that  the  dodder 
will  have  little  chance  to  come  out  of  the  ground,  but  the  danger  to 
future  crops  makes  this  practice  inadvisable. 


If  dodder  is  prevented  from  seeding  during  its 
first  season's  appearance,  the  danger  of  the  weed 
appearing  the  following  year  is  reduced  to  a 
minimum. 


Where  it  is  possible  to  procure  from  a  neighboring  farm  seed 
known  to  be  free  from  dodder,  it  is  frequently  better  than  the  kinds 
of  seed  purchased  on  the  open  market. 

KILLING. 

A  method  of  killing  dodder  seeds  occurring  as  an  impurity  in  the 
seed  of  clover  and  alfalfa  has  recently  been  devised  in  Europe  and 
appears  promising,  but  it  has  not  as  yet  been  sufficiently  developed  to 
be  recommended.  This  method  utilizes  heat  as  a  killing  agent  and 
consists  in  dry  heating  the  infested  leguminous  seed  at  a  temperature 
which  will  kill  the  seeds  of  dodder  but  will  not  harm  the  clover 
or  alfalfa  seeds. 

METHODS  OF  CONTROL  AND  ERADICATION. 

When  dodder  gains  a  hold  on  the  farm,  a  well-planned  intelligent 
system  of  attack  should  be  formulated  and  then  conscientiously 
followed.  Such  a  plan  should  take  note  of  whether  the  infestation 
is  in  spots  or  widespread  and  whether  or  not  dodder  seed  has  formed. 

It  is  of  special  importance  to  prevent  dodder  from  maturing  seed. 


When  dodder  appears  in  small  scattered 
patches,  mow  these  areas  before  the  seed  has 
matured,  (1)  allowing  the  mowed  plants  to  dry  or 
sprinkling  them  with  crude  oil  or  kerosene,  and 
bum  them,  dodder  and  all,  or  (2)  feed  the  cut 
plants  for  hay. 


ERADICATION  IN  SMALL  AREAS. 


From  six  to  eight  weeks  after  infested  clover  or  alfalfa  seed  has  been 
sown,  the  resulting  crop  will  usually  show  small  scattered  patches 
of  dodder  occurring  throughout  the  field.    Such  patches,  especially 
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in  a  large  field,  frequently  can  best  be  located  from  horseback.  Work 
should  be  started  immediately  to  destroy  the  patches  before  the 
dodder  gets  a  good  start,  and  especially  before  seeds  mature,  which 
is  frequently  as  early  as  July.  The  patches  should  be  cut  close  to 
the  ground  and  the  cut  plants  either  burned  or  removed  and  used 

for  hay,  being  care- 
ful not  to  scatter 
pieces  of  dodder 
stems  on  other  parts 
of  the  field  or  on 
near-by  fields. 

In  case  the  dodder 
seed  has  ripened,  it  is 
best  to  destroy  the 
patches  entirely  by 
burning.  Four  meth- 
ods of  burning  may 
be  used: 

(1)  Cut  the  patches 
with  a  scythe  close  to 
the  ground,  beglnnlxu; 
well  out  on  the  margin 
of  the  infested  area  and 
working  in.  Allow  the 
plants  to  dry ;  then  bum. 

(2)  Sprinkle  the  in- 
feste<l  areas  with  kero- 
sene, crude  oil,  or  or- 
chard-heating oil,  using 
a  common  sprinkUng 
can  for  this  purpose. 
(Fig.  7.)  In  a  few  days 
aU  the  vegetation  so 
treated    will     be    dead. 

Fio.  7.— When  dodder  grows  In  small  scattered  areas  in  the  ^^®^  ^^'®^^  dried,  ignite, 
field,  each  infested  spot  ma/  be  sprayed  with  oil  previous  (3)  Cover  the  Infested 
to  burning.  areas    with    straw    (fig. 

8)  ;  then  burn,    (Fig.  9.) 
(4)  Burn  the  infosted  areas  with  a  blow  torch.    This  method  is  more  expen- 
sive than  any  of  the  preceding. 

Whichever  method  is  used,  it  should  always  be  followed  by  re- 
peated hoeing  of  the  surface  of  the  infested  spots  for  a  period  of 
at  least  three  weeks.  The  hoeing  will  induce  the  germination  of 
any  surviving  dodder  seeds  and  will  also  destroy  the  resulting  seed- 
lings. Care  should  be  used  to  cultivate  extremely  shallow,  in  order 
to  prevent  the  deep  burial  of  viable  dodder  seeds.  Such  deeply 
buried  dodder  seeds  may  constitute  a  constant  danger  to  crops  for 
vears  to  come. 
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The  practicability  and  efficiency  of  the  burning  method  are  well 
illustrated  by  the  experience  of  a  grower  at  Warrenton,  Va.,  who  in 
1914  requested  information  from  the  United  States  Department  of 
Agriculture  as  to  the  best  method  of  treating  small  patches  of  clover 
and  alfalfa  dodder  which  had  appeared  in  his  fields.  He  was  ad- 
vised to  destroy  the  patches  by  burning  and  followed  the  advice 
conscientiously.  Since  then,  according  to  his  own  statement,  no 
dodder  has  appeared  in  the  treated  fields. 

It  is  important  frequently  to  inspect  the  treated  areas  to  see 
whether  all  the  dodder  has  been  killed.  Oftentimes  growths  of 
dodder  previously  unnoticed  may  occur  on  near-by  clover  or  alfalfa 
plants. 


Fig.  8. — Small  areas  infested  with  dodder  may  be  covered  with  straw  instead  of  being 

sprayed  with  oil. 

Burning  not  onh'  kills  the  dodder  plants  but  also  kills  the  .seeds 
on  the  soil.  (Fig.  10.)  Scattering  oil-soaked  brush  or  straw  over 
the  ground  will  usually  insure  sufficient  heat  to  kill  all  the  dodder 
seeds  on  the  surface,  because  the  oil  will  keep  the  heat  close  to  the 
surface  of  the  ground. 

If  clover  or  alfalfa  is  to  be  grown  the  following  year,  it  is  well 
to  mark  the  treated  areas  and  inspect  them  during  the  spring,  to 
make  sure  that  the  i)est  has  been  completely  eradicated. 

ERADICATION  IN  LARGE  AREAS. 

TMien  dodder  occurs  either  as  large  patches  or  covering  entire 
fields,  it  is  usually  an  indication  that  the  pest  had  been  allowed  to 
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go  to  seed  the  previous  year.  If  the  dodder  has  matured  seeds,  the 
methods  of  attack  differ  from  those  to  be  used  where  dodder  s^ds 
have  not  ripened. 

Methods  of  Eradication   in   Lar^e  Areas  Where  Dodder  Has  Not  Matarod   Seed. 

It  is  of  extreme  importance  to  attack  the  dodder  before  viable 
seed  has  formed.  Any  of  the  following  methods  may  be  used  in 
case  dodder  seed  has  not  matured. 

Early  mowing, — Mow  the  crop,  dodder  and  all,  before  the  dodder  has  had  a 
chance  to  seed  and  then  feed  the  hay  to  stock,  preferably  in  the  field.  Animals 
are  not  harmed  by  eating  dodder,  though  horses  and  cattle  will  usually  reject 
it  In  favor  of  the  clover  or  alfalfa.    It  is  important  not  to  delay  the  mowing 


ri(j.  9. — After  either  covoriBg  the  infested  area  with  straw  or  spraying  with  oil,  it  should 

be  burned. 

toi)  long,  since  dodder  readily  matures  seed  even  on  a  cut  crop.  Mowing  may 
best  be  done  before  any  of  the  dodder  flowers  have  opened.  After  the  hay  has 
been  removed,  the  land  may  either  be  plowed  and  reseeded  or  else  closely 
grazed  in  order  to  prevent  the  formation  of  a  late  crop  of  dodder  seeds. 

In  the  alfalfa  fields  of  the  West  the  common  method  of  handling  dodder- 
infested  crops  is  to  mow  when  the  dodder  flowers  are  about  to  open.  After  the 
first  mowing  the  alfalfa  stubble  is  harrowed.  The  second  crop  of  alfalfa  is 
likewise  cut  before  the  dodder  has  had  a  chance  to  mature  seeds. 

Grazing. — When  the  dodder  plants  are  first  noticed  the  field  may  be  turned 
over  to  grazing  animals.  For  this  purpose  sheep  are  particularly  good,  although 
hogs  or  any  other  grazing  animals  may  be  used.  The  field  should  be  closely 
grazed  during  the  remainder  of  the  season.  Inspection  is  necessary  from  time 
to  time,  so  that  no  neglected  areas  of  dodder  will  be  allowed  to  go  to  seed. 
A  fact  to  be  remembered  is  that  many  weeds  act  as  hosts  to  field  dodder  and 
common  dodder;  hence  the  fields,  and  especially  the  fence  rows,  should  be 
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kept  clean  of  weeds,  in  order  that  tlie  dodder  be  not  carried  over  from  year 
to  year  through  their  agency.  This  procedure  Is  most  important  in  the 
States  east  of  the  Mississippi  River,  since  in  this  region  the  common  and  field 
dodders  (both  of  which  species  commonly  attack  weeds)  occur  In  greatest 
abundance. 

PUncing.— Plowing  the  crop  under,  dodder  and  all,  to  be  used  as  a  green- 
manuring  crop,  is  a  good  way  to  utilize  a  dodder-infested  legume  crop.  It  is 
important  to  make  sure  that  none  of  the  dodder  has  gone  to  seed,  however, 
before  deciding  on  the  plowing  method.  In  this  connection  it  is  well  to  re- 
member that  dodder  seeds  germinate  readily  in  the  early-milk  or  dough  stage. 

MctiMHb  of  Bradlcmtion  in  Large  Area*  Where  Dodder  Has  Matured  Seed. 

The  menace  of  allowing  dodder  to  go  to  seed  is  due  to  the  fact 
that  the  seed  remains  viable  in  the  soil  for  a  period  of  five  or  more 


Pig.  10. — The  infested  area  after  being  burned.     Burning  not  only  destroys  tbe  dodder 
plants  but  also  any  seeds  which  were  lying  on  the  surface  of  the  soil. 

years,  thus  practically  excluding  the  use  of  clover  and  alfalfa  for 
that  length  of  time.  In  place  of  clover  and  alfalfa,  soy  beans, 
cowpeas,  or  velvet  beans  may  be  used  in  some  instances,  since  dodder 
never  damages  any  of  these  crops. 

When  an  entire  field  of  clover  or  alfalfa  is  infested  with  dodder 
and  the  weed  has  been  allowed  to  go  to  seed,  the  method  best  suited 
to  conditions  should  be  selected.  The  various  methods  which  may 
be  employed  follow : 

Burning. — In  extreme  cases,  where  the  entire  crop  of  clover  or  alfalfa  has 
l)een  practically  destroyed  by  the  dodder,  cut  the  crop  close  to  the  ground  and 
either  allow  the  plants  to  dry  or  else-  sprinkle  with  kerosene  or  crude  oil.    The 
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crop  should  then  be  burned  on  the  ground.  The  purpose  of  the  burning  is  not 
only  to  destroy  all  the  vegetative  parts  of  dodder,  but  likewise  the  seeds 
lying  on  the  surface  of  the  ground. 

Following  burning,  the  land  should  either  be  fallowed  for  the  remainder  of 
the  season  or  plowed  and  planted  to  a  winter  cover  crop,  such  as  rye  or 
oats.  The  following  spring  start  a  5-year  rotation,  beginning  with  a  tilled 
crop,  such  as  corn  or  potatoes.  During  the  next  four  years  use  a  cropping: 
system  which  does  not  include  either  <dover  or  alfalfa.  In  planning  tliis  rota- 
tion a  selection  should  be  made  which  includes  small  grain  crops,  such  as 
rye,  oats,  or  wheat,  tilled  crops  (like  com  or  .potatoes),  and  such  leguminous 
crops  as  soy  beans,  velvet  beans,  or  cowpeas.     Dodder  will  not  attack  the 


If  dodder  has  been  allowed  to  go  to  seed  in 
large  areas  and  has  practically  destroyed  the  en- 
tire crop  of  clover  or  alfalfa,  the  crop  should  be 
mowed  and  burned  in  order  to  kill  not  only  the 
dodder  plants  but  likewise  the  dodder  seeds  on 
the  soil  surface. 


cereal  crops,  soy  beans,  velvet  beans,  or  cowpeas,  and  the  stirring  of  the 
soil  due  to  cultivation  of  the  XiWed  crop  will  tend  to  germinate  any  dodder 
seeds  remaining  in  the  soil.  Dodder  seedlings  which  may  thus  result  can 
not  survive  cultivation ;  neither  will  they  find  suitable  hosts  to  keep  them  alive. 
In  selecting  the  tilled  crop,  the  cultivated  plants  known  to  be  susceptible 
to  dodder  should  be  used  guardedly.  A  list  of  these  susceptible  crop  plants  is 
given  under  the  heading  "  Dodder  on  hosts  other  than  clover  and  alfalfa.** 
Dodder-infested  a:ifalfa  fields  in  Utah  are  frequently  brokai  up  and  planted 
to  sugar  beets  as  a  means  of  cleaning  out  the  dodder,  even  though  it  is  known 
that  sugar  beets  are  susceptible  to  dodder  attack.  The  continuous  hoeing 
and  cultivation  which  sugar  beets  receive  during  the  growing  season  are  con- 


A  dodder-infested  crop  of  clover  or  alfalfa  may 
bejcut  for  hay  and  fed  directly  from  the  stacks  in 
the  field. 


sidered  the  best  methods  of  ridding  the  ground  of  the  dodder  pest.  In  case  it 
is  particularly  de^rable  to  grow  clover  or  alfalfa  during  the  5-year  j^eriod 
following  the  seeding  of  dodder,  the  clover  or  alfalfa  should  be  closely  grazed 
or  cut  early  in  order  to  prevent  the  maturing  of  seed  of  any  dodder  which  may 
be  present. 

Utilizing  the  crop  for  hay. — In  case  the  alfalfa  or  clover  is  worth  saving,  the 
crop  may  be  cut  for  hay  and  fed  directly  from  stacks  on  the  infested  field.  In 
this  connection,  it  should  not  be  forgotten  that  the  resulting  manure  will  contain 
viable  dodder  seeds. 

The  following  spring  cut  the  dodder-infested  clover  or  alfalfa  tor  hay  lost 
before  the  dodder  has  opened  ita  flowers.  During  the  remainder  of  the  season, 
closely  graze  the  land,  so  that  no  dodder  will  be  allowed  to  mature  seed. 
Similar  early-cutting  and  close-grazing  treatment  should  be  given  any  clover 
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or  alftilfti  grown  for  the  fol lowing  four  years,  in  order  to  prevent  dodder  seed 
from  again  fouling  the  land. 

Catting  a  dodder-infested  crop  for  hay  in  which  the  dodder  has  matured 
seed  is  at  beat  a  risky  procedure,  since  it  not  only  permits  the  land  to  be 
fouled  with  the  seed  of  dodder,  but  likewise  involves  the  serious  risk  of  scat- 
tering the  weed  to  many  other  parts  of  the  faruL  The  burning  method  is  much 
safer,  but  it  has  the  disadvantage  of  necessitating  the  destruction  of  an  entire 
(TOP  and  is  to  be  recommende<l  in  extreme  cases  only. 


On  land  known  to  contain  the  seeds  of  dodder, 
use  a  5-year  cropping  system  consisting  of  plants 
which  are  immune  to  the  attacks  of  the  pest. 
The  following  plants  are  not  susceptible  to  in- 
jury by  dodder:  Corn,  soy  beans,  velvet  beans, 
cowpeas,  and  small  grains,  such  as  oats,  wheat, 
and  rye. 


CHEMICAL  MEANS  OF  ERADICATION. 

Various  chemical  sprays,  such  as  solutions  of  iron  sulphate  (15 
per  cent),  copper  sulphate  (5  per  cent),  sulphuric  acid  (1  part,  con- 
centrated, to  200  parts  of  water),  salt,  crude  carbolic  acid,  sodium 
nitrate,  and  potassium  sulphate,  have  been  recommended  for  use 
against  dodder.  These  chemicals  are  not  only  costly  but  are  expen- 
sive to  apply,  and  their  application  requires  considerable  labor  of  a 
disagreeable  character.  For  these  reasons,  the  use  of  chemical  plant 
poisons  as  a  means  of  controlling  dodder  is  not  ordinarily  to  be 
recommended.  Furthermore,  other  methods  are  equally  efficient  and 
are  usually  more  economical. 


Dodder  frequently  matures  seed  after  the  crop 
upon  which  it  is  growing  has  been  cut;  there- 
fore clover  or  alfalfa  infested  with  dodder  should 
be  cut  before  the  dodder  flowers  open.  If  this  is 
done  the  dodder  will  not  be  likely  to  mature  seed. 


DODDER  ON  HOSTS  OTHER  THAN  CLOVER  AND  ALFALFA. 

INFESTATION  OP  CULTIVATED  PLANTS. 

Although  the  greatest  damage  due  to  dodder  is  in  clover  and 
alfalfa,  various  other  crops  are  sometimes  attacked.  Among  these 
crops,  damage  by  dodder  has  been  most  frequently  observed  in  the 
following  cases : 

Sugar  beet. — In  some  sections  of  the  country,  particularly  in  Utah,  beets 
have  been  damaged  by  dodder ;  severe  infestations,  however,  are  not  common. 
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Dodder  In  sugar  beets  is  usually  confined  to  small  areas  and  the  damage  is 
not  heavy. 

Flaw, — Several  years  ago  flax  dodder  ^*  caused  a  great  deal  of  damage  In  the 
flax-growing  centers  of  the  United  States.  So  serious  was  the  problem  that 
the  growth  of  flax  was  at  one  time  discontinued  in  North  Carolina,  owing  to 
the  ravages  of  the  weed.  During  recent  years,  however,  very  little  damage  has 
been  recorded  from  this  source,  owing  In  part  to  the  use  of  seed  which  was 
free  from  dodder  impurity. 

Cultivated  plants  infrequently  attacked  hy  dodder. — ^Among  the 
cultivated  plants  subject  to  dodder  infestation,  but  which,  compara- 
tively speaking,  are  infrequently  attacked  are  grapevine,  hemp,  car- 
rot, parsnip,  turnip,  bird's- foot  trefoil,  raspberry,"  cucumber,  thyme, 
tobacco,  eggplant,  crape  myrtle,  willow,  and  the  succulent  parts  of 
rose  seedlings,  the  chrysanthemum,  balsam,  privet,  and  other  garden 
ornamentals. 

Treatment  of  dodder  on  crop  plants. — ^In  field  and  garden  crops 
dodder  seems  to  disappear  in  the  process  of  regular  crop  rotation 
and  thorough  cultivation.  When  the  infestation  becomes  sufficiently 
serious,  the  most  practical  solution  seems  to  be  to  grow  crops,  such 
as  com  and  the  small  grains,  which  are  not  subject  to  attack  by 
dodder.  After  four  or  five  years  of  such  treatment  the  dodder  should 
be  sufficiently  cleaned  out  to  allow  the  return  to  beets,  etc. 

Infestations  of  garden  plants  are  rarely  sufficiently  bad  to  warrant 
special  methods  of  eradication.  In  extreme  cases  the  simplest  remedy 
is  to  grow  other  garden  plants  in  the  place  of  those  liable  to  attacL 

DODDER  ON  WILD  PLANTS. 

A  large  number  of  wild  shrubs  and  herbs  serve  as  hosts  to  various 
species  of  dodder.  These  wild  plants  include  willow,  aster,  golden- 
rod,  four-o'clocks,  ragweed,  nettle,  purslane,  yellow  trefoil,  pigweed, 
sunflower,  caltrop,  wild  carrot,  shepherd's-purse,  hazel,  chondrilla, 
dandelion,  viburnum,  marsh  elder,  fleabane,  horse  nettle,  honey- 
suckle, and  several  species  of  wild  grasses. 

It  is  of  passing  interest  to  note  that  dodders  have  actually  been 
known  to  attack  themselves,  sinking  suckers  into  their  own  tissue. 

DANGER  TO  CULTIVATED   PLANTS   FROM  WILD-PLANT  HOSTS. 

Usually  the  species  of  dodder  growing  upon  wild  shrubs,  with  the 
exception  of  common  dodder  and  field  dodder,  will  not  attack  any 
of  our  common  farm  crops.  The  danger  of  such  attack,  however,  is 
always  present  on  newly  cleared  land  on  which  dodder  grew.  This 
fact  was  demonstrated  by  an  interesting  case  of  dodder  infestation 
which  was  recently  observed  in  Pennsylvania.  A  field  of  eggplants 
about  half  an  acre  in  extent  was  planted  on  newly  cleared  woodland. 

"  Cuscuta  epilinum. 
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The  eggplants  became  badly  infested  with  dodder;  so  bad  was  the 
infestation  that  not  a  single  fruit  was  formed  on  the  parasitized 
plants,  and  the  entire  field  was  destroyed.  The  dodder  was  deter- 
mined as  hazel  dodder/^  a  species  not  imcommon  on  hazel  and  other 
wild  shrubs  and  on  tick  trefoil  and  other  wild  herbs,  but  never  pre- 
riously  reported  on  cultivated  plants. 

The  incident  suggests  that  when  woodlands  infested  with  dodder 
are  cleared,  it  is  well  to  plant  the  land  to  crops  known  to  be  immune 
to  attacks  of  dodder. 

Most  of  the  species  of  dodder  commonly  found  along  the  edges  of 
woodland  adjacent  to  cultivated  land  are  harmless  and  should  not 
cause  alarm.  It  is  well  to  have  such  species  identified,  however,  to 
be  sure  of  their  harmlessness.  Specimens  may  be  sent  for  identifica- 
tion to  State  agricultural  experiment  station  or  to  the  United  States 
Department  of  Agriculture. 

^  Cuscuta  coryli  Engelm. 
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PROSO  is  an  early-maturing  millet,  the  seed  of 
which  is  used  for  grain.  It  is  best  adapted  to 
the  northern  Prairie  and  Great  Plains  sections  of 
the  United  States,  where  it  is  grown  to  a  limited 
extent  as  a  late-sown  catch  crop. 

Proso  produces  fair  yields  of  seed  with  a  limited 
supply  of  moisture,  but  can  not  withstand  severe 
drought.  Other  grains  usually  yield  more  than 
proso,  but  they  must  be  sown  earlier. 

Turghai,  Red  Russian,  Tambov,  and  Black  Voro- 
nezh are  the  highest  yielding  varieties  of  proso. 

Proso  should  be  sown  with  a  grain  drill  at  the  rate 
of  1  to  3  pecks  per  acre,  from  a  few  days  to  two 
weeks  after  corn-planting  time,  but  it  will  usually 
mature  seed  if  sown  even  as  late  as  July  1.  It  is 
harvested  and  thrashed  like  other  small  grains. 

In  the  United  States  proso  is  used  chiefly  for  stock 
feed. 


Contribution  from  the  Bureau  of  Plant  Industry 

WM.  A.  TAYLOR,  Chirf 

Wariungion,  D.  C.  October,  I9t0 
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DESCRIPTION. 


Proso,  or  proso  millet,  is  the  common  millet  of  the  Old  World 
which  has  been  grown  since  prehistoric  times  as  an  important  grain 
crop  for  human  food.  It  probably  was  first  introduced  into  the 
United  States  by  Russian  immigrants  and  is  grown  only  to  a  limited 
extent  here. 

In  addition  to  the  names  proso  and  proso  miUet,  this  crop  in  this 
country  is  often  called  hog  millet  because  of  its  frequent  use  as  hog 
feed,  broom-corn  millet  because  of  the  shape  of  the  head  or  panicle 
^ch  somewhat  resembles  broom  com,  and  Early  Fortxme  millet 
or  Manitoba  millet  if  it  consists  of  either  of  these  varieties. 

Proso  is  distinguished  from  foxtail  miUet  ^  and  barnyard  miUet 
diiefly  by  the  head  or  inflorescence  (the  seed-bearing  part),  which  is 
a  large  open-branching  panicle  like  oats.  Proso  has  coarse,  woody, 
hollow  stems  from  12  to  48  inches,  but  usually  about  30  inches  high. 
The  stems  are  round  or  flattened  and  generally  about  as  thick  at 
tiie  base  as  a  lead  pencil.  The  stems  and  leaves  are  covered  with 
hairs.  The  stem  and  outer  chaff  are  green,  or  sometimes  yellowish 
or  reddish  green,  when  the  seed  is  ripe.  ^  When  thrashed,  most  of 
the  seed  remains  inclosed  in  the  inner  chaff  or  hull.  The  seed  of 
proso  is  larger  and  not  so  tightly  held  in  the  hull  as  are  those  of  the 
millets  of  the  foxtail  group.  The  hulls  of  proso  are  of  various  shades 
and  colors,  including  white,  cream,  yellow,  red,  brown,  gray,  and 
black.     The  bran,  or  seed  coat,  of  allvarieties  is  a  creamy  white. 

1  For  a  more  complete  discussion  of  the  millets  of  the  fbxtall  group,  see  Farmers'  Bulletin  793, ''  Foxtail 
MiDet:  Its  Culture  and  Utilization  in  the  United  States/'  a  copy  of  which  may  be  obtained  free  on  request 
to  the  Secretary  of  Agriculture,  Washbigton,  D.  C. 

1867W— 20— Bull.  1162  3 
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THE  PLACE  OF  PROSO  IN  OUR  AGRICULTURE 

According  to  the  census  of  1929,  the  latest  available  statistics,  the 
leading  States  in  the  production  of  millet  seed  were  Colorado,  South 
Dakota,  Tennessee,  and  Kansas.  A  part  of  this,  especially  in 
Tennessee  and  Kansas,  consisted  of  millets  of  the  foxtail  group.  ^  No 
statistics  are  available  to  show  the  acreage  of  proso,  but  it  is  a  minor 
crop.  Seed  companies  in  all  parts  of  the  United  States  offer  proso 
seed  for  sale.  It  has  been  found  to  be  best  adapted  to  the  northern 
prairie  and  Great  Plains  areas,  including  Minnesota,  the  Dakotas, 
northeastern    Colorado,   Montana,   and    Wyoming,    and    sometimes 


Figure  1. — A,  Plants  of  Kursk  foxtail  millet ;  B,  Black  Voronezh  proso 

it  is  successful  in  Kansas  and  Nebraska.    In  the  Texas  Panhandle  it 
is  about  as  successful  as  other  spring  small  grains. 

Except  in  northeastern  Colorado,  proso  should  be  grown  only  as  a 
catch  crop  and  not  as  a  part  of  a  regular  rotation.  Under  average 
conditions  other  cereals  will  outyield  proso  if  they  are  sown  at  the 
proper  time.  In  some  localities  other  crops  are  more  productive 
than  proso  even  when  sown  late  as  catch  crops.  In  the  north- 
eastern United  States  buckwheat  is  the  best  catch  crop  for 
grain;  in  the  Southwest.,  grain  sorghums  are  the  most  productive. 
Ill  the  humid  sections  of  the  United  States  millets  of  the  foxtail 
group  produce  more  seed  than  proso  and  are  to  be  preferred  as 
a  hay  crop.     Flax  is  a  more  profitable  catch  crop  than  proso  under 
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yielded  less  than  Kursk  millet.  At  some  agricultural  experim^t  sta- 
tions where  Kursk  millet  has  outyielded  proso,  the  best  varieties  of 
proso  were  not  grown. 

The  best  varieties  of  proso  mature  one  to  four  weeks  earlier  than 
any  variety  of  foxtail  millet  and  can  be  sown  that  much  later  with  a 
chance  of  obtaining  a  seed  crop.  They  usually  produce  more  seed 
than  the  foxtail  millets  on  a  limited  supply  of  moisture.  The  seed 
of  proso  is  larger,  more  easily  grouna  for  feeding,  and  probably 
makes  a  better  :feed  than  that  of  the  foxtail  millets.  Proso  should  be 
sown  in  preference  to  foxtail  millets  only  where  a  crop  of  grain  is 
desiied. 

The  place  of  proso  in  our  agriculture  thus  is  largely  limited  to  its 
use  as  a  late-sown  catch  crop  for  grain  in  the  northern  Great  Plains 
area  and  a  few  other  sections.  When  a  crop  of  winter  wheat  has  been 
destroyed  by  winterkilling  or  soil  blowing,  or  when  small  grain  or 
corn  is  destroyed  by  frost,  hail,  insects,  floods,  or  early  drought,  or 
when  seed  of  an  early  sown  crop  does  not  germinate,  proso  can  be 
sown  even  as  late  as  July  1  with  good  chances  of  obtaining  a  crop. 
Proso  usually  is  sown  on  sod  or  stubble  land  which  was  plowed  too 
late  to  sow  to  other  crops.  This  permits  a  larger  crop  acreage  than  is 
possible  where  only  early  sown  crops  are  grown. 

Under  extremely  favorable  conditions  proso  yields  from  60  to  70 
bushels  per  acre,  but  yields  of  10  to  30  bushels  per  acre  are  the  general 
rule.  When  sown  at  the  most  profitable  rates  of  1  to  3  pecks  per 
acre,  the  rate  of  increase  is  not  abnormally  high,  and  the  cost  of  seed 
for  an  acre  of  proso  is  as  much  as  for  other  grains. 

CLIMATIC  REQUIREMENTS 

Proso  is  sown  in  the  spring  and  is  adapted  only  to  regions  where 
spring  grain  is  fairly  successful.  It  is  easily  injured  by  frost  either 
in  the  spring  or  fall  and  is  not  adapted  to  high  altitudes  or  to  locah- 
ties  where  summer  frosts  occur.  Moderately  warm  weather  is  neces- 
sary for  the  germination  of  the  seed  and  growth  of  the  plant.  Even 
under  favorable  conditions  proso  grows  very  slowly  during  the  first 
few  weeks.  Early  and  midseason  varieties  of  proso  require  from  60 
to  90  days  from  sowing  to  maturity,  and  unless  there  is  a  probability 
of  at  least  60  days  until  a  killing  frost  occurs  proso  should  not  be 
sown.  This  crop  does  not  ripen  well,  and  frequently  not  at  all, 
during  cool  autumn  weather. 

Proso  has  the  lowest  water  reauirement  of  any  grain  crop.  At 
Akron,  Colo.,  only  about  two-fiftns  as  much  water  was  required  to 
produce  a  ton  of  proso  seed  as  was  necessary  to  produce  a  ton  of 
grain  of  Kubanka  durum  wheat.  Largely  because  of  its  shallow 
rooting  habit,  however,  proso  is  less  resistant  to  severe  drought  than 
well-adapted  varieties  of  other  grains  and  is  sometimes  a  complete 
failure  where  wheat  or  barley  produces  a  fair  crop.  Hot  winds 
occasionally  dry  and  kill  the  plant  before  it  forms  seed,  even  when 
there  is  available  moisture  in  the  soil.  Proso  is  reported  to  produce 
crops  in  Siberia  under  an  annual  precipitation  oi  8  inches,  but  it 
can  not  be  expected  to  do  this  in  the  United  States,  nor  can  it  be 
regarded  as  even  a  safe  crop  during  extremely  dry  seasons  in  the 
western  portions  of  the  Great  Plains  area.    Attempts  have  been 
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made  to  exploit  proso  fraudulently  as  a  very  high-yielding  dry-land 
crop. 

Proso  is  not  so  well  adapted  for  growing  under  irrigation  as  most 
other  crops,  largely  because  it  does  not  make  suflScient  use  of  an 
abundant  supply  oi  moisture. 

SOILS  ADAPTED  TO  PROSO 

Proso  is  best  adapted  to  a  rich  loam  soil,  but  grows  satisfactorily 
on  nearly  all  types  except  coarse  sandy  soils.  The  proso  plant  is 
shallow  rooted  and  a  gross  feeder,  so  that  an  abunaant  supply  of 
available  plant  food  near  the  surface  of  the  soil  is  desirable.  A  crop 
of  proso  usually  leaves  the  upper  layers  of  soil  somewhat  impover- 
ished, because  of  its  shallow  rooting  and  feeding  habits. 

VARIETIES 

The  varieties  of  proso  are  divided  into  three  main  groups,  accord- 
ing to  the  shape  of  the  head  or  panicle.  Heads  of  each  of  these  three 
groups  are  shown  in  Figures  3  and  4.  These  are  further  subdivided 
according  to  color  of  seed,  color  of  chaff,  height,  and  time  of  maturity. 

Following  is  a  key  to  the  leading  varieties  of  proso  grown  in  the 
Uaited  States  or  proving  of  value  in  experiments  conducted  by  the 
United  States  Department  of  Agriculture.  The  characters  are  also 
shown  in  Table  1. 

KEY  TO  VARIETIES  OP  PROSO 

Panicle  spreading  {Panicufn  milinceum  effusum  Kcke.) 
Seed  white  to  yellow. 
Chaff  yeUowish  green. 
£:arly  to  midseason. 
Plant  short  to  midtaU. 

Seed  creamy  white White  Ural. 

Seed  brownish  yellow Hansen  White  Siberian, 

S«ed  red  to  brown. 
Chaff  partly  reddish  green.* 
Early  to  midseason. 
Plant  short  to  midtall. 

Seed  reddish  brown Tamhov. 

Red  Russian, 
Plant  midtaU  to  taU. 

Seed  yellowish  brown Turghai, 

Panicle  loose,  one-sided  {Panicum  miliaceum  contractum  Kcke.). 
Seed  white  to  yellow. 
Chaff  yeflowish  green. 
Midseason  to  late. 
Plant  midtall  to  tall. 

Seed  creamy  white White  French, 

Seed  brownish  yellow Yettow  Manitohii, 

Seed  red  to  brown. 
Chaff  yellowish  green. 
Early  to  midseason. 
Plant  short  to  midtall. 

Seed  reddish  brown Red  Orenburg, 

Seed  brown  to  black. 
Chaff  y^lowish  green. 
Midseason  to  late. 
Plant  midtaU  to  talL 
Seed  brownish  black Black  Voronezh, 

'Shortly  before  matority  the  onter  chaff  becomes  tinged  with  dark  red  or  purple. 
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Panicle  compact,  erect  {Panicum  miliaoeum  compactum  Kcke.). 
Seed  red  to  brown. 
Chaff  yellowish  green. 
Early  to  midseason. 
Plant  short  to  midtall. 

Seed  reddish  brown Red  Voronezh^ 

Yellotc  Sarepta. 
Early  Fortune. 
Red  Lump. 

All  of  the  varieties  of  proso  listed  in  the  key,  except  possibly  the 
White  French,  were  originally  introduced  from  Russia  or  Siberia. 


FlGLUK    3.- 


-A  head  of  Turghai  proso,  showing  the  spread- 
iiiff  type  of  panicle 


Numerous  varieties  of  proso  introduced  from  China,  India,  and  Italv 
have  produced  poor  yields,  chiefly  because  of  their  late  maturity 
and  susceptibihty  to  drought.  Altogether,  more  than  300  different 
lots  ot   proso,   representing   many   different    varieties,   have   been 
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obtained  by  the  United  States  Department  of  Agriculture  and  grown 
in  experiments,  but  only  a  few  of  these  have  produced  good  yields. 
The  leading  varieties  of  proso  now  grown  in  the  United  States  are 
the  Yellow  Manitoba  and  Early  Fortune.  The  Hansen  White  Sibe- 
rian, Red  Russia,  Turghai,  Tambov,  White  French,  Red  Lump,  and 
Black  Voronezh  are  grown  to  a  less  extent,  and  considerable  proso 
is  grown  without  a  name  except  the  term  "  hog  millet."  The  other 
Tarieties  shown  in  the  key  have  been  grown  only  experimentally. 


Figure  4. — A,   Head  of  Black  Voronezh   proso,   showing  the  loose  one-sided  type  of 
bead ;  B,  Red  Lump  proso,  showing  the  compact  type  of  head 

The  Early  Fortune,  Yellow  Manitoba,  and  White  French  varieties 
have  been  grown  in  the  United  States  for  many  years.  The  White 
Ural,  Tambov,  Red  Russian,  Red  Orenburg,  Black  Voronezh,  Red 
Voronezh,  and  Yellow  Sarepta  varieties  were  first  introduced  into 
the  United  States  from  Russia  by  M.  A.  Carleton,  of  the  United 
States  Department  of  Agriculture,  in  1899  and  1900.  The  Turghai 
variety  was  introduced  from  Russia  by  E.  A.  Besisey,  of  the  United 
States  Department  of  Agriculture,  in  1903.     The  Red  Lump  proso 
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was  introduced  from  Russia  by  N.  E.  Hansen,  of  the  South  Dakota 
Agricultural  Experiment  Station,  in  1898,  while  acting  as  an  ex- 
plorer for  the  United  States  Department  of  Agriculture.  Professor 
Hansen  also  introduced  the  Hansen  White  Siberian  variety  from 
Siberia  in  1913,  when  he  was  employed  by  the  State  of  South  Dakota. 
The  Black  Voronezh  has  produced  the  highest  average  yields  in 
extended  experiments  with  proso  varieties  at  Amarillo,  Tex.  It  fre- 
quently yields  well  in  other  localities,  but  matures  rather  late.  A 
head  of  this  variety  is  shown  in  Figure  4.  In  Colorado,  North  Da- 
kota, South  Dakota,  and  Wyoming  a  variety  known  as  Turghai  has 
in  general  produced  the  highest  average  yields.    A  head  of  Turghai 

Eroso  is  shown  in  Figure  3.     The  Tamoov  and  Red  Russian  varieties 
ave  yielded  nearly  as  well.    All  three  of  these  latter  varieties  are 
medium  early  in  maturing  and  have  yellowish  or  reddish  brown  seeds. 

Table  1. — Characters  of  the  leading  varietwa  of  proso 


Varieties 

Character  of 

panide.  or 

head 

Color  of  outer 
chaff 

Color  of  seed 
hull 

Season  of  ma- 
turity 

Height  of  plants 

White  Ural 

Hansen  White  Si- 
berian. 

Tambov 

Red  Russian 

Turghai 

Whfte  French 

YeUow  Manitoba.. 

Red  Orenburg 

Black  Voronezh... 

Red  Voronezh 

Yellow  Sarepta.... 

Early  Fortune 

Red  Lump 

Spreading 

do 

do 

do 

do 

Loose,  one-sided 

do 

do 

do 

Compact,  erect 

do 

do 

do 

Yellowish  green. 

do 

Reddish  green.. 

do 

do 

Creamy  white.. 

Brownish  yel- 
low. 
Reddish  brown. 
do 

YeUowish  brown. 
Creamy  white.. 

Brownish  yel- 
low. 
Reddish  brown. 

Brownish  black. 

Reddish  brown. 

do 

do 

do 

Early  to  mid- 
season. 
do 

do 

do 

do 

Midseason  to 

late. 
do 

Early  to  mid- 
season. 
Midseason  to 

late. 
Early  to  mid- 
season. 

do 

do 

do 

Short  to  midtaU. 

Do. 

Do. 
Do. 
Midtall  to  taD. 

Yellowish  green. 

do 

do 

do 

do 

do 

do 

do 

Do. 

Do. 

Short  to  midtaU. 

Midtall  to  taD. 

Short  to  midtaD. 

Do. 
Do. 
Do. 

The  Yellow  Manitoba  and  White  French  varieties  mature  too  late 
to  be  of  value  in  the  northern  Great  Plains  area,  but  yield  well  in 
favorable  seasons  and  under  humid  conditions.  The  Early  Fortune 
is  the  most  conmion  variety  of  the  so-called  red-seeded  prosos.  Be- 
cause of  its  small  growth  and  extremely  early  maturity  this  variety 
usually  produces  small  yields.  Some  of  the  Early  Fortune  is  grown 
in  a  mixture  with  Red  Russian.  The  Red  Lump  variety  is  nearly 
identical  with  the  Early  Fortune,  but  the  seeds  have  a  slightly 
different  color.  A  head  of  the  Red  Lump  varie^  is  shown  in  Fig- 
ure 4.  The  Red  Orenburg,  Red  Voronezh,  and  Yellow  Sarepta  are 
early  red-seeded  varieties  of  minor  importance  which  have  not  pro- 
duced large  average  yields.     The  latter  two  are  apparently  identical. 

The  white-seeded  prosos  are  preferable  for  food  purposes  because 
the  white  hulls  are  not  so  noticeable  in  the  meal  or  flour  as  are  red 
or  black  hulls,  and  it  is  almost  impossible  to  remove  all  the  hulls 
before  grinding.  This  is  of  no  importance  in  stock  feed,  however. 
The  early  white-seeded  varieties  White  Ural  and  Hansen  White 
Siberian  do  not  yield  as  well  in  South  Dakota  as  the  Turghai,  Tam- 
bov, or  Red  Russian.    At  Brookings,  S.  Dak.,  in  four  years  experi- 
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ments  the  Tambov  variety  yielded  32  bushels  per  acre,  Black  Voro- 
nezh 31  bushels,  and  the  Hansen  White  Siberian  only  21.7  bushels 
per  acre.  At  Cottonwood,  S.  Dak.,  the  Tambov  variety  has  a  4-year 
average  acre  yield  2.1  bushels  higher  than  the  Hansen  White  Sibe- 
rian. At  Highmore,  S.  Dak.,  in  four  years'  experiments  the  Hansen 
White  Siberian  yielded  only  11.3  bushels  per  acre,  while  during  the 
same  period  the  Turghai  yielded  20.1  bushels,  the  Black  Voronezh 
16.9  bushels,  and  the  Tambov  16.8  bushels  per  acre.  At  Newell, 
S,  Dak.,  in  three  years'  experiments  the  Hansen  White  Siberian  pro- 
duced an  average  yield  of  26.5  bushels  per  acre,  the  White  Ural 
yielding  30.7  and  the  Red  Russian  32.6  bushels  per  acre.  The  White 
tlral  thus  yielded  4.2  bushels  per  acre  more  than  the  Hansen  White 
Siberian.  It  is  a  few  days  earlier,  has  whiter  hulls,  and  is  thus 
preferable  to  the  latter  variety  for  food  purposes.  The  White  Ural 
variety  is  not  now  grown  conmiercially.  The  Red  Russian  has  out- 
yielded  all  other  varieties  at  Dickinson,  N.  Dak. 

PREPARATION  OF  THE  SOIL 

The  seed  bed  for  proso  should  be  moist,  smooth,  and  rather  com- 
pact, so  that  prompt  germination  will  give  the  plants  a  chance  to 
compete  with  weeds.  If  the  land  is  weedy  it  should  be  disked  and 
harrowed  lust  before  seeding.  The  harrowing  also  smooths  and 
compacts  the  seed  bed.  Late  spring  plowing  or  breaking  should  be 
thoroughly  disked  and  harrowed  before  seeding,  as  many  nonuniform 
stands  of  proso  are  due  to  an  uneven  seed  bed.  Corn  or  potato 
ground  should  be  disked  and  harrowed.  Land  on  which  a  grain 
crop  has  failed  should  be  disked  and  harrowed  if  weeds  or  scattering 
plants  of  grain  remain,  but  if  the  field  is  clean  no  further  prepara- 
tion usually  is  necessary  before  seeding.  Proso  doubtless  will  pro- 
duce the  highest  yields  on  summer-fSlowed  land  or  following  a 
tilled  crop,  such  as  com  or  potatoes,  but  such  land  can  be  more  profit- 
ably sown  to  other  grain. 

METHOD  OF  SOWING 

Proso  should  always  be  sown  with  a  grain  drill  in  order  to  get 
uniform  stands  with  the  least  quantity  of  seed.  It  should  be  sown 
in  about  the  same  mannor.  as  ilaxseod,  •  feeding  in  the  regular  drill 
rows,  6  to  8  inches  apart,  -has  produced  higlier  yields  than  seeding 
in  wider  spaced  rows  and  cultivating  between  them.  At  Newell, 
S.  Dak.,  proso  sown  in  7-inch  drill  rdws.^iefsied  8.9  bushels  per  acre 
more  than  that  sown  in  ^1-inch  rov^s.'!  in  a  good  seed  bed  three- 
fourths  of  an  inch  to  an  inch  is  deep  enough  to  sow,  and  the  depth 
should  never  be  more  than  1%|  inches.  In  a  sandy  or  a  dry  soil  the 
seed  may  be  sown  deeper  than  in  a  moist,  compact  soil. 

RATE  OF  SOWING 

Proso  should  be  sown  at  about  the  same  rate  per  acre  as  flax.  In 
the  semiarid  sections  20  to  50  pounds  per  acre  is  ample.  At  Akron, 
Colo.,  the  highest  yields  of  proso  have  been  obtained  from  seeding 
36  to  58.  pounds  per  acre. 
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In  the  humid  sections  proso  should  be  sown  at  the  rate  of  2  to  3 
pecks  per  acre.  It  is  usually  not  profitable  to  sow  less  than  15 
pounds  per  acre  under  any  conditions,  because  of  the  decreased 
yields.  In  sowing  proso  the  drill  should  be  adjusted  as  if  to  sow 
flax  at  the  rate  desired.  Internal  force-feed  drills  when  adjusted 
to  sow  2  pecks  of  wheat  will  sow  about  33  to  35  pounds  of  proso  per 
acre. 

DATE  OF  SOWING 

Proso  will  not  germinate  in  cold  soil.  The  plants  are  easily  killed 
by  severe  frosts  in  the  spring.  Seeding  should  be  delayed  until  the 
danger  of  frost  is  practically  over.  Profitable  yields  have  occa- 
sionally been  obtained  from  seeding  as  late  as  July  1  or  even  later, 
but  this  is  not  dependable  in  the  Dakotas.  Proso  is  easily  injured 
by  early  fall  frosts  and  does  not  mature  seed  well  in  cool  weather. 
At  Highmore  S.  Dak.,  the  highest  yields  have  been  obtained  by  seed- 
ing about  June  1.  Fair  average  yields  have  been  obtained  by  sowing 
between  May  15  and  June  16.  At  Akron,  Colo.,  the  highest  yields 
have  been  obtained  from  seeding  between  July  1  and  15.  Most 
varieties  of  proso  require  about  60  to  80  days  from  seeding  to  matur- 
ity. Seeding  should  be  early  enough  to  avoid  early  fall  frosts.  The 
date  of  seeding  depends  also  on  the  supply  of  soil  moisture,  as  it  is 
not  advisable  to  sow  in  a  dry  soil.  A  fair  general  rule  is  to  sow 
proso  from  2  to  4  weeks  after  corn  is  planted. 

HARVESTING 

Proso  should  be  harvested  when  the  seeds  in  the  upper  half  of  the 
heads  are  ripe.  At  this  stage  the  plant  is  still  green.  If  cut  earlier 
there  will  be  much  immature  seed  and  if  cut  later  considerable  seed 
will  be  lost  from  shattering.  If  cut  too  green,  there  is  danger  of  the 
straw  molding.  Proso  seed  is  easily  shattered  when  ripe  and  the 
crop  should  he  handled  carefully  to  prevent  loss.  The  binder  is 
usually  the  best  machine  for  cutting  proso.  If  the  plants  are  too 
short  to  bind,  the  crop  can  be  cut  with  a  mower  and  raked  and 
shocked  like  hay,  but  more  seed  is  shattered  out  by  this  method. 

The  bundles  left  by  the  binder  should  be  placed  in  rather  small  or 
long  and  narrow  shocks  to  prevent  molding  and  to  permit  early  dry- 
ing. The  crop  should  be  ^ removed  fnom  the:  field  as  promptly  as 
possible  in  order  to  pi'^vent  Joss  ^nd  damage  fyom  birds  and  field 
mice,  which  seem  to  prefer  proso  to  any  other  grain. 

Proso  can  be  harvested  with  a  winegrower  and  Jater  threshed  with 
a  combine  equipped  wifh^i  pickup  attachment.  ' 

THRESHING 

The  seed  of  proso  is  separated  from  the  straw  very  readily  with 
an  ordinary  threshing  machine.  Two  rows  of  concave  teeth  usually 
are  sufficient  to  remove  all  the  seed.  The  cylinder  should  be  run 
slowly  enough  to  avoid  the  hulling  of  too  much  seed.  The  seed  is 
easily  cleaned  in  thi-eshing  by  the  use  of  flax  or  millet  screens^  but 
certain  weed  seeds,  such  as  foxtail  or  pigeon  grass,  Russian  thistle, 
and  mustard,  are  difficult  to  remove. 
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USES  OF  PROSO 
HUMAN  POOD 

In  certain  portions  of  China,  Russia,  Siberia,  and  India,  proso  is 
a  common  article  of  food.  The  hulls  are  removed  from  the  seed  in 
a  special  machine  designed  for  this  purpose  and  the  seed  is  then 
ground  into  a  meal. 

The  meal  is  cooked  into  a  mush,  called  "  kasha  "  by  the  Russians. 
Proso  meal  makes  an  excellent  thickening  for  soups.  The  South 
Dakota  Agricultural  Experiment  Station  reports  that  proso  flour 
when  mixed  with  four  parts  of  wheat  flour  makes  a  satisfactory 
substitute  for  wheat  flour.  Digestion  experiments  with  bread  made 
from  proso  indicate  that  the  carbohydrates  are  as  well  utilized  as  in 
other  cereals,  but  that  less  than  halt  of  the  proteins  were  digested.^ 
The  proso  seed  has  an  agreeable  taste  with  a  slight  nutty  flavor, 
different  from  other  cereals,  and  is  well  liked  by  some  people.  It  is 
not,  however,  any  more  palatable  than  other  cereal  products  and 
therefore  is  not  in  any  special  demand  as  a  food  in  the  United  States 
as  yet.  It  is  thouj^ht  by  some  that  it  maj  be  possible  to  develop 
(»rtain  products  ox  proso  as  cereal  foods  in  this  country.  As  our 
pr^ent  foods  are  selected  largely  according  to  habit  and  custom  it 
would  be  necessary  to  educate  the  public  to  a  demand  for  a  new  dish. 
There  are  no  machines  for  hulling  proso  seed  on  a  commercial  scale 
in  this  country.  For  home  use  proso  can  be  ground  in  a  small  coffee 
mill.  The  hulls  then  can  be  removed  with  a  small  fanning  mill  and 
the  coarse  meal  and  flour  separated  with  sieves. 

FEED   FOR  LIVESTOCK 

The  unhulled  proso  seed  has  a  composition  very  similar  to  that  of 
oats  and  is  slightly  higher  in  feeding  value  than  oats  when  fed  to 
livestock.  Experiments  conducted  by  the  South  Dakota  Agri- 
cultural Experiment  Station  indicate  that  a  bushel  of  proso  weigh- 
ing 56  pounds  is  necessary  to  produce  the  same  gain  on  hogs  as  a 
bushel  of  barley  weighing  only  48  pounds  and  that  it  produces  a 
greater  percentage  of  lean  meat  and  a  softer  fat  on  hogs  than  does 
barley.  Recent  experiments  in  Colorado  indicated  that  proso  was 
about  equal  in  feemng  value  to  com  and  barley  for  pigs  and  lambs. 
Proso  is  eaten  very  readily  b^  all  kinds  of  livestock  but  should  be 
ground  before  being  fed.  It  is  relished  by  poultry,  and  it  is  a  com- 
mon ingredient  in  conmiercial  birdseed.  Proso  can  be  fed  to  chickers 
in  imtm'eshed  bundles,  as  the  seed  is  shelled  out  easily  by  scratching. 

Proso  is  not  a  hay  crop  and  should  not  be  grown  for  that  purpose. 
The  foxtail  millets  or  other  crops  will  produce  more  hay  or  roughage, 
and  proso  hay  is  of  poor  quality.  While  the  hay  may  be  eaten  it 
is  not  relished,  and  considerable  waste  will  result.  An  examination 
of  the  coarse  hairy  stems  of  proso  shows  clearly  why  stock  do  not 
like  it. 

Proso  can  be  made  into  silage,  but  the  yields  are  too  small  to  make 
it  a  profitable  silage  crop. 

»  Lanowobtht,  C.  p.,  and  HoLicis^  A.  D.,  expebiments  in  the  determination  of  the 
DI0E8TIBILITT  OF  MILLETS.  U.  S.  Dept.  AgT.,  Bul.  525,  9  p.  1917.  Out  of  print,  but  may 
be  consulted  in  libraries. 
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Seed  dealers  frequently  make  the  statement  that  "the  crop  is 
harvested  while  the  plant  is  still  green,  so  that  the  straw  makes 
valuable  hay."  It  is  true  that  the  stems,  leaves,  and  chaff  are 
still  rather  green  at  the  time  the  seed  ripens,  but,  as  previously  stated, 
they  are  not  liked  by  stock.  The  straw  may  be  fed,  however,  without 
injury  to  livestock. 

DISEASES  AND  PESTS  OF  PROSO 

The  only  disease  of  any  consequence  which  attacks  proso  is  smut. 
This  can  be  controlled  by  the  standard  formaldehyde  treatment, 
as  applied  to  wheat. 

Chmch  bugs  attack  proso  as  well  as  other  millets  and  other  grain 
crops.  The  same  methods  of  destruction  are  applicable  to  this 
pest  on  proso  gs  when  they  injure  other  spring  grains. 

Birds,  gophers,  and  field  mice  are  very  destructive  to  proso  after 
the  seed  is  ripe.  Harvesting  as  earlv  as  possible  and  prompt  thresh- 
ing or  stacking  will  prevent  much  of  the  loss. 

WEIGHT  OF  PROSO  PER  BUSHEL 

A  legal  weight  for  millet  seed  of  50  pounds  per  bushel  has  been 
establisned  by  several  of  the  States,  but  there  is  no  standard  for  the 
United  States.  Proso  is  regarded  as  a  millet  in  the^e  laws.  The 
average  weight  of  clean  plump  proso  seed  is  about  56  pounds  per 
bushel,  and  this  is  the  weight  used  by  the  United  States  Departm^t 
of  Agriculture  in  determinmg  the  acre  yields. 
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GRAIN  CROPS  in  western  South  Dakota,  in  the 
average  results  of  a  series  of  years,  show  yields 
that  should  be  profitable;  but  a  stable  agriculture 
based  upon  grain  production  alone  has  not  been 
established.  This  is  owing  to  the  fact  that  the  aver- 
age is  made  up  of  exceedingly  heavy  yields  in  a  few 
years  and  low  yields  or  failure  in  other  years  rather 
than  fairly  good  yields  each  year.  Grain  farming 
has  not  been  able  to  withstand  the  reverse  of  the  un- 
favorable years,  which  may  appear  in  succession, 
and  to  realize  the  profits  of  the  good  years. 

The  United  States  Department  of  Agriculture, 
since  1908  at  the  BeUe  Fourche  Field  Station,  near 
Newell,  and  since  1912  at  the  Ardmore  Field  Sta- 
tion, has  been  conducting  thorough  investigations  of 
methods  of  crop  production  in  South  Dakota.  The 
results  of  these  investigations  show  that  the  high 
fluctuation  of  yields,  due  to  fluctuating  rainfall,  can 
not  be  sufficiently  overcome  by  cultural  methods  to 
change  the  problem  materially.  These  results  and 
the  experience  of  farmers  who  have  succeeded  indi- 
cate that  the  most  favorable  conditions  for  grain 
production  are  found  when  combined  with  or  sub- 
ordinated to  stock  production. 

The  system  and  methods  recommended  are 
(1)  keeping  live  stock  to  the  capacity  of  summer 
pasture  and  winter  feed,  (2)  the  growth  of  culti- 
vated annual  crops  (corn  and  sorghum)  for  winter 
feed,  and  (3)  the  growth  of  small  grains  following 
the  corn  without  plowing.  This  system  -  may  be 
modified  as  local  or  individual  conditions  warrant 
the  growth  of  alfalfa  for  hay  or  seed,  or  the  growth 
of  a  larger  acreage  of  wheat  or  other  grains. 
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AGRICULTURAL  CONDITIONS. 

WESTERN  SOUTH  DAKOTA  is  largely  a  dry-farming  coun- 
try. With  the  exception  of  the  Black  Hills  and  a  narrow 
belt  of  land  adjacent  to  and  influenced  by  them,  the  whole  section 
Ues  within  a  region  normally  deficient  in  rainfall.  A  certain  part  of 
this  territory  is  irrigated,  and  more  will  no  doubt  eventually  be  re- 
claimed, but  most  of  it  must  always  remain  a  dry-farming  region. 

Attempts  to  make  this  section  of  South  Dakota  a  strictly  crop- 
producing  region  have  been  unsuccessful.  The  settlement  of  this 
country  has  generally  been  made  after  a  series  of  good  years  had 
created  an  exaggerated  idea  of  its  crop  possibilities.  Most  of  the 
original  settlers  tried  to  make  a  living  by  crop  production,  and 
almo6t.all  of  them  failed  and  left  the  country.  Only  those  who  turned 
to  the  raising  of  live  stock  as  their  principal  industry  have  been  able 
to  remain. 

While  crop  production  alone  has  not  been  successful,  the  growth 
of  a  certain  proportion  of  crops  is  necessary  to  the  best  development 
of  the  hve-stock  industry.  This  bulletin  in  reporting  the  results  of 
studies  of  methods  of  crop  production  indicates  a  way  in  which  the 
two  can  be  combined  to  make  each  successful.  It  is  based  upon  the 
results  obtained  on  the  dry-farming  unit  of  the  Belle  Fourche  Ex- 
periment Farm,  near  Newell,  S.  Dak.,  established  in  1908,  supple- 
mented by  those  of  the  Ardmore  Field  Station,  established  in  1912. 
At  both  stations  all  the  adapted  crops  have  been  under  trial  each 
year  under  all  the  combinations  and  methods  likely  to  be  practiced 
or  offering  a  possibility  of  success. 

187173'— 20  3 
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TOPOGRAPHY  OF  THE  COUNTRY. 

Most  of  western  South  Dakota  is  a  Plains  region.  There  are  por- 
tions that  are  too  rough  for  cultivation,  but  by  far  the  larger  part 
is  physically  suited  to  the  raising  of  crops.  Much  of  it  consists  of 
rolling  hills  whose  slopes  are  generally  not  too  steep  to  be  cultivated 
Economic  conditions  that  will  decide  how  much  of  the  land  can  be 
profitably  cultivated,  rather  than  the  topography  of  the  country,  will 
determine  the  area  of  land  devoted  to  crops. 

SOILS. 

The  soils  of  western  South  Dakota  vary  from  almost  pure  sand  to 
a  very  heavy  clay,  or  "  gumbo."  The  Pierre  clay,  or  "  gumbo,"  soil 
constitutes  about  one-third  of  the  area  of  South  Dakota  west  of  the 
Missouri  River.  The  Belle  Fourche  Experiment  Farm,  near  Newell, 
is  situated  on  this  type  of  soil,  and  the  results  at  this  station  are 
to  be  applied  to  this  soil  in  particular.  It  is  on  soil  of  this  type  that 
dry  farming  is  the  most  difficult  and  that  crop  production  is  the 
least  successful.  Both  the  expense  of  working  the  soil  and  the  fact 
that  crops  show  less  drought  endurance  on  this  heavy  soil  than  on 
lighter  soils  contribute  to  this  result.  So  far  as  soil  conditions  are 
concerned,  the  lighter  the  soil  the  more  certain  crop  production 
should  be,  provided  the  soil  is  not  so  light  that  soil  blowing  be- 
comes a  factor.  The  lighter  soil  will  probably  not  produce  as  high 
yields  as  the  heavy  soil  in  favorable  years,  but  will  endure  more 
drought  and  produce  better  yields  in  years  of  partial  failure.  Aver- 
age yields  obtained  at  Newell  are  doubtless  lower  than  would  be 
obtained  in  more  favorable  soils  in  western  South  Dakota. 

The  station  at  Ardmore  is  located  in  a  soil  of  heavy  clay  type,  but 
deeper  and  somewhat  lighter  than  the  ''  gumbo  "  of  the  station  near 
Newell. 

CLIMATE. 

The  average  annual  precipitation  of  western  South  Dakota,  exclu- 
sive of  the  region  influenced  by  the  Black  Hills,  varies  from  13  to  18 
inches.  At  both  Newell  and  Ardmore  about  65  per  cent  of  the  total 
precipitation  occurs  during  the  five  months  from  April  to  August,  in- 
clusive. The  precipitation  during  the  growing  season,  like  the  annual 
precipitation,  is  variable  in  both  quantity  and  distribution.  Both  of 
these  factors  are  of  the  highest  importance  in  determining  the  area 
of  crop  production.  Low  seasonal  rainfall  is  usually  accompanied  by 
high  evaporation  and  possibly  by  unfavorable  temperatures  and  he* 
winds.  The  same  may  be  true  of  a  seasonable  precipitation  normal  in 
quantity  but  not  well  distributed.    A  well-distributed  seasonal  rain- 
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fall  of  average  or  more  than  average  amount  is  usually  accompanied 
by  favorable  growing  conditions. 

Only  in  exceptional  years  is  the  precipitation  high  enough  and  suf- 
ficiently well  distributed  to  allow  all  crops  to  mature  without  their 
growth  being  checked  to  some  extent  by  drought.  Likewise  it  is  rare 
for  any  year  to  be  so  dry  that  complete  failure  of  all  crops  occurs. 

In  most  years  there  is  drought  injury,  varying  in  extent  with  the 
amount  and  distribution  of  the  precipitation  and  with  the  intensity 
of  other  climatic  factors.  This  injury  seldom  affects  all  crops  equally. 
A  complete  failure  of  small  grains,  which  make  their  growth  early  in 
the  season,  may  occur  in  a  year  when  good  yields  of  late-growing 
cultivated  crops  are  obtained,  or  a  good  yield  of  small  grain  may  be 
secured  in  a  year  when  cultivated  crops  do  not  do  well. 

The  distribution  of  rain  through  the  growing  season  is  usually  the 
deciding  factor  in  determining  which  crops  will  be  successful  in  any 
given  year.  The  fact  that  one  crop  may  do  well  in  a  year  when 
another  crop  fails  tends  to  make  some  diversification  of  crops  neces- 
sary, in  order  that  complete  failure  may  be  avoided  as  far  as  possible. 

The  amount  and  the  distribution  of  the  precipitation  are  well  shown 
in  Table  I,  compiled  from  the  records  of  the  Xewell  station.  The 
precipitation  at  Ardmore  is  somewhat  higher,  the  average  for  the  7- 
year  period  from  1913  to  1919,  inclusive,  being  17.43  inches,  or  2.50 
inches  more  than  the  average  at  Newell  for  the  same  years. 

Table  I. — PrecipUaiian  at  Newell,  S.  Dak.,  for  the  12'year  period  from  1908  to 

1919,  inclusive, 

[Data  in  Inches.] 


Year. 

Jan. 

Feb. 

Kar. 

Apr. 

Hay.  June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual. 

1908 

0.20 
.17 

0.10 
.23 

1.65 
.19 

1.16 

.84 

3.95 
3.87 

1.47 
5.59 

1.26 
2.45 

0.62 
.55 

0.52 
1.07 

2.03 
.76 

0.20 
.73 

0.91 

1.28 

14.16 

W09 

17.73 

1910 

.73 

.70 

.93 

1.67 

1.26 

1.51 

1.42 

1.03 

2.92 

.27 

.11 

.10 

12.55 

1911 : 

.13 

.05 

.09 

17 

.45 

.50 

.80 

1.86 

.92 

.39 

.08 

.30 

6.64 

1912 

.24 

.10 

.71 

2.32 

2.26 

.29 

3.20 

2.80 

3.49 

.51 

.04 

.13 

16.09 

1913 

.57 

.24 

.99 

.25 

1.98 

3.10 

.35 

.26 

2.38 

1.86 

.10 

.45 

12.53 

1914 

Ti 
.92 

1.00 
1.01 

.29 
.16 

1.09 
2.58 

2.22 
2.32 

2.09 
4.74 

1.34 
5.74 

1.12 
.44 

.35 
1.26 

1.77 
1.25 

0 
.43 

.43 
.17 

11.70 

1915 

21.02 

1916 

.36 

.23 

.98 

.64 

3.17 

2.19 

2.01 

2.02 

.20 

.99 

.33 

.28 

13.40 

1917 

.92 

.74 

.27 

2.51 

3.71 

.97 

.80 

1.67 

.35 

.46 

T 

.92 

13.32 

1918 

.99 

.64 

.81 

2.40 

1.60 

1.17 

3.41 

2.99 

3.08 

.22 

.15 

.85 

18.31 

1919 

.04 

.57 

.87 

2.14 

1.14 

.35 

2.59 

i.o:^ 

1.20 

2.49 

1.22 

.02 

14.25 

Average 

.44 

.iS 

.66 

1.47 

2.33 

2.00 

2.11 

1.36 

1.48 

1.08 

.36 

.54 

14.31 

»T-traoe. 


CROP  PRODUCTION. 


Water  stored  in  the  soil  at  seeding  time  is  used  by  the  crops,  and 
to  the  extent  to  which  it  is  needed  and  is  able  to  supplement  the  rain- 
fall may  determine  the  yield,  but  in  this  region  it  is  not  suflScient  in 
itself  to  produce  crops.    Production  is  dependent  upon  the  rainfall 
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of  the  season  in  which  the  crops  are  growing.  It  is  consequently  im- 
possible to  tell  from  the  character  of  the  winter  or  from  the  amount 
of  precipitation  before  seeding  what  the  chances  of  success  with  the 
different  crops  may  be. 

Thus,  the  choice  of  crops,  aside  from  winter  wheat,  in  any  given 
year  should  not  be  influenced  to  any  great  extent  by  conditions  before 
seeding.  The  best  farm  practice  is  to  select  the  crops  that  have 
shown  the  best  average  results  for  a  number  of  years  and  devote  a 
certain  area  of  land  to  these  each  year  rather  than  to  try  to  base  the 
acreage  to  be  devoted  to  crops  and  the  kind  of  crops  to  be  grown 
upon  conditions  prevailing  before  seeding  in  any  year. 

Successful  crop  production  in  western  South  Dakota  must  embody 
the  following :  (1)  The  selection  of  crops  best  adapted  to  the  locahty 
and  the  best  varieties  of  these  crops,  (2)  the  use  of  cultural  methods 
that  will  give  the  greatest  return  for  labor  in  the  production  of  these 
adapted  crops,  and  (3)  the  adoption  of  a  system  of  farming  in  which 
crop  production  supplements  the  other  lines  of  farm  activities. 

ADAPTED  CROPS. 

The  crops  adapted  to  western  South  Dakota  consist  principally  of 
small  grq^ins,  cultivated  crops,  and  pasture  and  hay  crops.  These 
vdll  be  considered  separately. 

SMALL  GRAINS. 

The  production  of  small  grains  at  both  the  Belle  Fourche  and 
the  Ardmore  Field  Stations  has  been  uncertain  in  the  extreme, 
though  in  the  average  of  a  series  of  years  most  grain  crops  have 
shown  profitable  yields.  Analysis  of  the  results  shows  that  the 
fairly  good  average  yield  is  the  result  of  very  high  yields  in  good 
years  and  low  yields  in  other  years  rather  than  of  fairly  good  yields 
each  year.  The  average  yields  of  wheat,  oats,  barley,  winter  wheat, 
com,  and  sorghum  at  the  Belle  Fourche  Field  Station,  near  Newell, 
and  at  the  Ardmore  Field  Station  are  shown  in  Table  IT.  The 
yields  given  are  the  averages  of  all  methods  under  trial  and  repre- 
sent an  approximately  equal  number  of  the  better  and  poorer  yield- 
ing methods.  While  they  are  probably  above  the  averages  obtained 
by  all  farmers,  it  ought  to  be  possible  for  farmers  using  only  the 
best  methods  to  equal  or  exceed  them. 

The  yearly  results  in  this  table  show  why  grain  farming  in  this 
section  has  not  been  successful.  The  average  yield  of  wheat  at  the 
Belle  Fourche  Field  Station  has  been  13.4  and  at  Ardmore  16.7 
bushels  per  acre.  If  it  were  possible  to  obtain  these  yields  of  wheat 
each  year,  wheat  raising  could  be  made  a  profitable  type  of  fanning. 
However,  in  7  of  the  11  years  at  Belle  Fourche  and  in  5  of  the 


Digiti 


zed  by  Google 


Dry  Farming  in  Western  South  Dakbta.  7 

8  years  at  Ardmore  the  yield  of  wheat  has  been  considerably  below 
these  averages,  and  in  these  years  wheat  has  been  grown  either  at 
a  loss  or  at  a  very  small  profit.  Practically  all  the  profit  has  been 
obtained  in  two  years  of  very  high  production.  As  many  as  three 
years  of  nearly  complete  faUure  have  occurred  successively.  This 
explains  why  wheat  production  has  been  an  unstable  type  of  farming. 

Table  II. — Yields  of  tcheat,  oats,  barley,  com,  and  sorghum  at  the  Belle  Pourche 
and  Ardtnore  {^.  Dak.)  FUld  t>tations  for  certain  years  in  the  ll-year  period 
from  1909  to  1919,  inclusive,^ 


Station  and  crop. 

1909 

1910 

1912 

1913 

1914 

1915 

1916 

1917 

1918 

1919 

Aver- 
age. 

B«QeFoarche: 

Wheat.. .^ 

..bashels.. 

28.7 

2.5 

0 

10.8 

10.1 

57.  C 

17.3 

7.4 

11.9 

0.9 

13.4 

Oats : 

do.... 

60.9 

6.8 

8.2 

23.9 

26.3 

125.6 

33.4 

17.1 

23.3 

2.3 

29.8 

Barley 

do.... 

32.2 

3.0 

.7 

10.1 

9.5 

72.2 

31.0 

22.9 

14.6 

1.3 

18.0 

Winter  wheat 

do.... 

28.fl 

1.8 

0 

21.3 

18.2 

36.2 

12.7 

3.8 

27.1 

2.0 

13.8 

r.»«/''rain. 

^Storer 

do.... 

19.3 

.6 

21.9 

8.6 

.6 

44.5 

32.5 

20.4 

30.0 

.3 

16.2 

...pounds.. 

3,305 

2,839 

2,623 

986 

1,115 

2,785 

2,19S 

1,969 

2,977 

235 

1,912 

Sorghum,  stover.. 
Ardmore: 

Wheat 

do.... 

5.920 

3,360 

4,100 

3,400 

1,725 

6,450 

9,650 

3,300 

7,700 

0 

4,146 

..bushels.. 

7.3 
16.1 

2.6 
7.0 

0 
0 

46.5 
84.5 

21.1 
39.8 

9.2 
15.2 

35.0 
65.1 

11.6 
22.4 

16.7 

Oats 

do.... 

31.1 

Barley 

do.... 

3.2 

4.3 

0 

52,9 

23.4 

5.3 

39.9 

8.6 

17.2 

Winter  wheat 

do.... 

1 

1.4 

0 

33.9 

31.3 

7.2 

19.4 

18.31    15.9 

P      /r.mln , 

do.... 

22.1 
1,640 

^ 

0 
1,018 

38.2 
3,6<>9 
12,25(i 

22.1 
3,025 

13.7 
1,410 
3,100 

22.3 
2,110 

6,700 

9. 2'    16. 0 

^sSver :....: 

..p<wmd'»  . 

1,524   1,915 
3,964;  5.054 

Sorstium,  stover.. 

do 

1,605 

6,240 

\'""' 

*No  yieklB  were  obtaJnod  at  the  Belle  Fourche  Field  Station  in  1911  on  account  of 
drought    The  average  yield  given  is  for  the  11-year  period. 

» 

Wheat  raising  alone  is  not  successfully  maintained  where  in  two 
years  out  of  three  it  musti  be  carried  on  at  a  loss  or  at  a  very  small 
profit.  It  can,  however,  be  carried  on  profitably  in  connection  with 
live-stock  production,  provided  it  can  be  handled  in  such  a  way  as  to 
require  a  minimum  of  labor  and  expense. 

The  same  is  true  of  oats  and  barley.  Their  yields  have  been  rela- 
tively abmit  the  same  as  that  of  wheat,  and  the  drought  resistance  of 
the  three  has  been  practically  the  same.  Choice  between  these  three 
crops  must  depend  primarily  upon  individual  conditions  that  deter- 
niine  which  crop  can  be  most  profitably  disposed  of. 

Winter  wheat  survives  the  winter  in  only  a  small  portion  of  western 
South  Dakota.  Where  it  endures,  it  usually  produces  a  higher  yield 
than  spring  wheat.  In  the  section  to  which  it  is  adapted  it  is  more 
profitable  than  spring  wheat.  When  winterkilling  does  take  place, 
the  land  can  be  reseeded  to  spring  wheat  or  some  other  crop  without 
any  further  expense  than  seed  and  seeding.  When  there  is  not  suffi- 
cient moisture  in  the  soil  in  the  fall  to  insure  germination  of  the  seed, 
the  planting  of  winter  grains  is  not  advisable. 

Winter  rye  has  not  been  as  profitable  as  winter  wheat  in  the  sec- 
tion where  winter  wheat  does  well.  It  is,  however,  more  hardy  and 
will  endure  the  winter  in  any  section  of  the  State.  Over  most  of 
western  South  Dakota  it  is  at  least  as  profitable  as  the  spring  grains. 
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It  ripens  earlier  in  the  season  and  consequently  often  escapes  periods 
of  drought  that  affect  spring-seeded  crops.  For  this  reason  it  is  a 
more  dependable  crop  than  the  spring  grains,  though  its  yield  does 
not  compare  favorably  with  theirs  in  years  of  high  production. 

The  yields  of  flax  at  these  stations  have  not  been  high.  Flax  has 
been  generally  grown  as  a  sod  crop  on  new  breaking,  and  in  this  con- 
nection has  given  poor  yields.  Flax  on  old  ground  or  upon  land 
broken  the  previous  summer  has  given  better  results,  but  even  then 
has  not  been  as  good  as  other  grain  crops.  It  is  particularly  adapted 
for  growth  where  a  cash  crop  is  desirable  and  where  a  long  haul  to 
market  is  necessary.  Its  high  price  in  proportion  to  its  bulk  makes  it 
a  valuable  crop  in  this  connection,  even  though  the  weight  of  the 
product  per  acre  is  relatively  smaller  than  that  of  other  grains. 

The  best  .varieties  of  these  different  grain  crops  and  the  best  time 
and  rate  of  seeding  recommended  as  a  result  of  extensive  tests  con- 
ducted by  the  Office  of  Cereal  Investigations  of  the  Bureau  of  Plant 
Industry  are  stated  in  Farmers'  Bulletin  878,  entitled  "  Grains  for 
Western  North  and  South  Dakota,"  ^  as  follows  : 

Varieties,— Winter  wheat  (In  the  vicinity  of  the  Black  Hills),  Kharkof, 
Turkey ;  spring  wheat,  Kubanka,  Marquis ;  oats,  Kherson,  Sixty -Day ;  barley, 
White  Smyrna,  Hannchen;  rye,  North  Dakota  No.  ©59,  Swedish;  flax,  North 
Dakota  No.  155,  Damont 

Time  of  seeding, — Sow  spring  wheat  and  oats  as  early  as  the  land  can  be  put 
in  good  condition,  barley  after  wheat  and  oat  seeding  is  finished,  and  flax  about 
May  1.  Sow  winter  wheat  and  winter  rye  In  late  August  or  early  September  in 
North  Dakota  and  In  September  or  early  October  in  South  Dakota. 

Rate  of  seeding. — The  best  rates  of  seeding  are  as  iollows :  Spring  wheat,  4 
pecks  per  acre;  winter  wheat,  3  to  4  pecks  per  acre;  oats  and  barley,  5  to  6 
pecks  per  acre ;  flax,  20  to  30  pounds  per  acre. 

CULTIVATED  CROPS. 

Com  is  the  cultivated  crop  grown  most  generally  in  western  South 
Dakota.  There  are  varieties  that  will  ripen  in  all  parts  of  this  sec- 
tion. A  yield  of  grain  can  not  be  secured  every  year,  but  a  yield  of 
fodder  is  fairly  certain.  Sorghum  is  the  only  other  crop  that  offers 
possibilities  of  competing  with  com  as  a  coarse  feed  crop  in  this 
section.  Table  II  presents  the  average  annual  yields  of  both  com 
and  sorghum  at  both  the  Belle  Fourche  and  the  Ardmore  Field  Sta- 
tions. This  table  shows  that  at  each  station  corn  has  produced  a 
profitable  crop  of  grain  in  more  than  half  the  years.  At  Ardmore 
there  has  been  some  crop,  at  least  of  stover,  every  year,  but  at  Belle 
Fourche  there  was  complete  failure  in  1911  and  a  failure  from  most 
methods  in  1919.  In  both  of  these  years  the  ground  was  so  dry  at  corn- 
planting  time  that  the  seed  did  not  germinate.  Sorghum  failed  in 
those  years  for  the  same  reason. 

^By  F.  Bay  Babcock,  John  H.  Martin,  and  Ralph  W.  Smith. 
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The  greatest  value  of  com  as  a  dry-land  crop  is  its  ability  to  pro- 
duce a  fair  yield  of  stover  even  in  dry  years.  Com  fits  in  admirably 
with  the  raising  of  live  stock  and  can  be  depended  upon  to  produce 
winter  feed  for  them  in  most  years  so  dry  that  the  growth  of  grass 
on  the  prairie  is  scant  and  opportunities  for  cutting  hay  are  limited. 
In  addition  to  this,  com  in  more  favorable  years  produces  a  fairly 
good  yield  of  grain.  The  combined  value  of  the  grain  and  stover 
tend  to  make  com  the  most  profitable  dry-land  crop  in  this  area.  As 
the  nimiber  of  stock  in  the  section  increases  and  the  area  of  land 
where  hay  can  be  cut  becomes  smaller,  farmers  will  be  more  and 
more  dependent  for  their  winter  feed  upon  crops  like  com  that  pro- 
duce a  large  yield  of  rough  feed  per  acre. 

Sorghum  produce  a  higher  yield  of  stover  per  acre  than  com 
over  most  of  western  South  Dakota,  and  the  stover  is  more  palatable. 
It  does  not  appear  likely,  however,  to  replace  com  to  any  consider- 
able extent  in  this  section.  The  combined  value  of  the  grain  and 
stover  of  com  is  greater  than  the  stover  value  of  sorghum.  This, 
together  with  the  fact  that  com  is  easier  to  produce,  makes  it  seem 
certain  that  com  will  continue  to  be  the  leading  cultivated  crop. 
It  is  worthy  of  note,  however,  that  in  the  years  1910,  1913,  and  1914 
at  Belle  Fourche  and  1914  and  1919  at  Ardmore,  when  the  yield  of 
ear  com  was  low,  sorghum  was  the  more  valuable  crop.  The  yield 
of  sorghum  in  these  years  was  proportionately  greater  than  in  more 
favorable  years.  A  portion  of  the  com  acreage  could  well  be  replaced 
by  sorghum  as  an  insurance  against  failure  of  the  feed  crop  in  un- 
favorable years. 

The  varieties  of  com  best  suited  to  western  South  Dakota  vary 
with  the  locality.  Near  the  northern  part  of  the  State  only  very 
early  com  will  mature.  In  the  central  and  southern  portion  the 
earlier  Dent  corns,  such  as  Northwestern  and  Payne  White  Dent, 
have  been  most  successfuL  In  many  places  some  imnamed  varieties 
have  been  grown  in  restricted  localities  for  a  number  of  years.  In 
most  cases  adapted  acclimated  varieties  like  these  are  as  valuable  as 
the  standard  varieties  that  are  more  widely  known. 

Only  the  sweet  sorghums  are  adapted  for  growth  as  far  north  as 
South  Dakota.  Minnesota  Amber,  Dakota  Amber,  and  Red  Amber 
are  the  most  promising  varieties. 

PASTURE  AND    HAY   CROPS. 

At  least  in  the  "  gumbo  "  soils  of  western  South  Dakota  the  growth 
of  pasture  crops  has  not  been  and  is  not  likely  to  be  practiced.  The 
expense  of  preparing  the  ground  and  seeding  a  pasture  crop,  to- 
gether with  the  fact  that  a  comparatively  large  acreage  is  required 
for  each  animal  pastured,  makes  the  initial  cost  almost  prohibitive. 


Digiti 


zed  by  Google 


10  Farmers'  Bulletin  1163. 

Alfalfa  and  brome-grass  offer  possibilities  as  hay  crops.  The 
yield  of  feed  is  much  less  per  acre  than  that  of  com  and  similar 
crops,  but  there  is  an  advantage  in  that  they  do  not  need  to  be 
planted  each  year.  Alfalfa  at  least  will  endure  for  an  indefinite 
number  of  years.  It  will  produce  a  cutting  practically  every  year, 
though  the  growth  may  be  checked  by  drought  before  the  alfalfa 
comes  into  bloom.  In  only  one  year,  1915,  have  two  cuttings  been 
produced  at  Belle  Fourche.  In  one  year,  1911,  the  crop  was  a  total 
failure.  Alfalfa  is  particularly  adapted  for  growth  along  streams 
or  on  bottom  lands  where  the  ground  water  is  within  reach  of  the 
roots.  Under  conditions  like  this  it  will  make  two  or  three  cuttings 
each  year.  Brome-grass  is  particularly  adapted  to  places  that 
receive  considerable  run-off.  In  such  situations  it  can  be  depended 
upon  to  produce  one  good-sized  crop  of  hay  each  year  until  it  be- 
comes sod  bound.  The  greater  feeding  value  of  alfalfa  and  the  fact 
that  it  produces  nearly  as  much  hay  as  brome-grass  and  does  not 
become  sod  bound  make  it  much  more  valuable  as  a  hay  crop. 

In  addition  to  its  value  as  a  forage  crop,  alfalfa  is  often  of  great 
value  as  a  seed  crop.  In  years  when  seed  production  is  good,  the 
value  of  the  seed  is  usually  far  greater  than  that  of  the  forage. 
When  a  seed  crop  is  obtained,  the  straw  from  which  the  seed  has  been 
separated  is  readily  eaten  by  stock  and  has  a  greater  nutritive  value 
than  grain  straw. 

The  ability  of  alfalfa  to  produce  seed  depends  to  a  great  extent 
upon  the  type  of  soil  upon  which  it  is  grown.  On  the  heavy  clay  soils, 
like  that  at  Belle  Fourche,  alfalfa  seldom  produces  seed  after  it  ha^ 
once  been  established,  even  when  grown  in  cultivated  rows.  Tlie 
plant  generally  begins  to  suffer  from  drought  before  it  comes  into 
full  bloom,  and  little  seed  is  formed. 

On  lighter  soils  alfalfa  suffers  less  severely  from  drought  and 
produces  seed  in  most  years  if  it  is  grown  iu  cultivated  rows  or  broad- 
cast with  a  very  thin  stand.  Culture  in  rows  is  the  surest  method 
of  producing  seed,  but  the  expense  of  ciUtivation  reduces  the  profit 
from  this  method  to  some  extent.  Practically  the  same  forage  yield 
is  secured  from  alfalfa  in  cultivated  rows  and  that  sown  broadcast 

On  soils  where  ground  water  is  within  reach  of  the  roots  a  seed 
crop  is  obtained  nearly  every  year.  Where  this  condition  exists  no 
advantage  is  to  be  gained  by  growing  in  cultivated  rows.  Either 
the  first  or  second  cutting  may  be  left  for  seed.  The  first  cutting 
is  a  little  more  certain  to  produce  seed  than  the  second,  and  the 
seed  is  sure  to  ripen  without  danger  of  frost  injury.  When  the  sec- 
ond cutting  is  left  for  seed,  a  cutting  of  hay  is  obtained  in  addition 
to  the  seed  crop. 

With  the  exception  of  land  where  the  ground  water  can  be  readied 
by  the  roots,  alfalfa  seed  production  is  not  sufficiently  certain  to  be- 
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come  a  part  of  any  definite  farming  system.  However,  on  the  lighter 
soils  of  western  South  Dakota  a  certain  part  of  the  land  can  be  planted 
to  alfalfa  to  very  good  advantage.  In  years  of  good  seed  production 
the  alfalfa  can  be  saved  for  seed.  In  years  when  it  seems  apparent 
that  little  seed  will  be  formed  the  crop  can  be  cut  for  hay.  Used 
in  this  way,  it  will  be  valuable  in  all  years  except  those  of  complete 
failure. 

The  variegated  alfalfas — Grimm,  Baltic,  and  Cossack — ^have  shown 
sli^tly  better  yields  and  greater  hardiness  than  common  alfalfa. 

CULTURAL  METHODS. 

The  cultural  methods  that  have  been  under  trial  consist  of  spring 
plowing,  faU  plowing,  disking,  listing,  subsoiling,  summer  tillage, 
and  (he  plowing  undei'of  green-manure  crops. 

The  number  of  tillage  operations  required  for  preparing  the  land 
for  a  crop  varies  a  great  deal  with  these  different  cultural  methods. 
The  time  at  which  the  labor  must  be  performed  likewise  varies.  The 
tillage  operations  involved  in  each  method  of  cultivation  and  the  time 
at  which  they  may  be  best  performed  are  as  follows : 

Spring  plowing  for  all  small  grains  should  be  done  as  early  as 
weather  conditions  will  permit.  Plowing  to  a  depth  of  4  to  6  inches 
is  advisable.  The  land  should  be  disked  before  it  has  a  chance  to  dry 
(mt  and  harrowed  at  least  once  after  plowing.  Spring  plowing  for 
com  may  be  delayed  imtil  after  small  grains  are  seeded. 

Fall  plowing  may  be  done  at  any' time  after  harvest.  From  6  to  8 
inches  constitutes  a  good  depth.  As  the  land  is  usually  dry  in  the 
fall,  it  is  best  to  leave  it  rough  until  spring.  A  double  disking  and 
a  harrowing  in  the  spring  are  all  the  preparation  necessary  before 
seeding  small  grains.  Where  a  later  seeded  crop  is  to  be  planted, 
additional  cultivation  may  be  required  in  order  to  keep  the  land  free 
from  weeds  until  seeding.  Fall  plowing  offers  a  better  distribution 
of  labor  than  spring  plowing. 

Disking  without  plowing  at  the  Belle  Fourche  and  Ardmore  sta- 
tions has  been  practiced  only  for  small  grains  and  only  on  land  where 
an  intertilled  crop  has  been  grown.  Double  disking  and  harrowing 
in  the  spring  are  all  the  preparation  required  before  seeding. 

Listing  for  small  grains  may  be  done  at  any  time  after  harvest. 
The  lister  should  be  run  a  little  deeper  than  for  planting  com,  and 
the  furrows  should  be  about  the  same  distance  apart  as  for  com.  The 
land  may  be  left  rough  over  winter  and  worked  down  level  in  the 
spring.  Normally,  two  diskings  and  a  harrowing  are  required.  List- 
ing for  com  is  usually  done  with  a  lister  planter.  No  cultivation  be- 
fore planting  is  required  where  corn  is  planted  in  this  manner. 

Subsoiling  is  done  at  the  same  time  as  fall  plowing.  The  land  is 
plowed  with  an  ordinary  plow  to  a  depth  of  8  inches,  and  a  subsoil 
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plow  is  run  in  alternate  furrows  to  an  additional  depth  of  8  inches, 
making  a  total  depth  of  16  inches.  As  the  time  and  labor  necessary 
for  plowing  with  the  subsoil  plow  are  at  least  as  great  as  for  original 
plowing,  the  cost  of  the  whole  operation  is  practically  that  of  two 
plowings.  The  spring  cultivation  needed  for  subsoiled  land  is  the 
same  as  for  land  given  an  ordinary  fall  plowing. 

Land  to  be  summer- fallowed  should  be  plowed  about  8  inches  in 
the  spring  or  early  sunmier,  worked  down  immediately  after  plowing, 
and  kept  free  from  weeds  during  the  rest  of  the  season.  This  usually 
requires  at  least  two  diskings  and  several  harrowings.  In  addition 
to  the  great  labor  required,  it  involves  the  loss  of  the  land  for  a  year. 
Consequently,  it  is  an  expensive  method  of  land  preparation. 

Green  manuring  is  the  most  expensive  method  that  has  been  tried. 
It  involves  the  preparation  of  land  for  the  green-manure  crop,  the 
cost  of  seed  and  seeding,  the  plowing  under  of  the  green-manure 
crop,  and  the  keeping  of  the  land  free  from  weeds  the  rest  of  the  sea- 
son. Usually  two  plowings,  at  least  two  diskings,  and  two  or  more 
harrowings  are  required.  The  loss  of  the  land  for  a  year  is  also  an 
item  of  expense  in  preparing  land  by  this  method. 

The  different  crops  vary  in  their  response  to  these  cultural  methods. 
For  this  reason  grain  crops,  cultivated  crops,  and  hay  crops  are  con- 
sidered separately. 

Small  grains. — The  results  at  Belle  Fourche  indicate  clearly  that 
the  most  profitable  crops  of  grain  are  produced  by  the  cheaper 
methods  of  soil  preparation.  Grain  on  disked  com  land  or  on  disked 
land  where  some  other  cultivated  crop  has  been  grown  has  shown 
the  highest  net  profit  of  any  method  of  soil  preparation  tried.  This 
is  due  largely  to  the  low  cost  of  production,  but  partly  to  the  fact 
that  disked  cultivated  land  has  generally  produced  yields  above  the 
average.  The  yields  of  wheat,  oats,  and  barley  on  disked  corn  land 
have  been  higher  than  the  yield  of  the  same  crops  on  spring  or  fall 
plowed  corn  land.  In  other  words,  plowing  corn  land  either  in  the 
spring  or  fall  has  been  accompanied  by  an  actual  loss  in  yield,  as 
well  as  by  the  increased  cost  of  production  due  to  the  plowing.  It 
must  be  borne  in  mind  that  the  com  ground  had  been  kept  free  from 
weeds.  If  weeds  had  been  allowed  to  grow,  the  results  probably 
would  not  have  been  so  favorable.  With  the  com  ground  kept  clean 
the  production  of  grain  on  the  disked  com  land  is  by  far  the  most 
profitable  method  of  production  that  has  been  tested. 

Spring  and  fall  plowing  are  about  equal  as  methods  of  land  prep- 
aration for  grain.  Practically  the  same  amount  of  labor  is  neces- 
sary for  the  preparation  of  a  seed  bed,  and  when  seeding  is  done  at 
the  same  time  the  yields  produced  are  nearly  the  same.  Fall  plowing 
can  be  done  at  a  time  when  work  is  not  so  pressing;  consequently,  it 
has  an  advantage  over  spring  plowing  in  that  respect.    As  seeding 
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can  be  started  as  early  as  plowing,  fall-plowed  land  can  be  seeded 
earlier  tban  land  that  must  be  plowed  in  the  spring.  This  considera- 
tion becomes  most  important  in  seasons  when  unfavorable  weather 
conditions  hinder  spring  work.  This  is  a  decided  advantage  for  fall 
plowing,  because  early-seeded  crops  mature  earlier  and  as  a  result 
often  escape  periods  of  drought  that  injure  later  seeded  crops.  How- 
ever, if  the  conditions  in  the  fall  are  such  that  plowing  can  not  be 
done,  a  farmer  may  do  his  plowing  in  the  early  spring  and  be  assured 
of  practically  the  same  returns  as  if  the  land  had  been  plowed  in  the 
fall,  provided  seeding  is  not  unduly  delayed.  Plowing  is  more  ex- 
pensive than  disking  in  preparing  land  for  grains.  When  small 
grains  follow  com,  better  yields  are  obtained,  by  disking.  Plowing 
grain  stubble  is  recommended  for  use  only  in  the  sections  of  western 
South  Dakota  where  grain  growing  is  most  successful  and  where  the 
desired  grain  acreage  is  greater  than  the  area  devoted  to  com. 
Over  the  section  represented  by  the  station  near  Newell,  the  yields 
are  so  low  that  the  production  of  grain,  other  than  on  disked  corn 
land,  is  more  likely  to  result  in  loss  £han  in  profit. 

The  yields  of  grain  on  listed  land  compare  favorably  with  those 
on  plowed  land.  The  cost  of  production  on  listed  land  is  slightly 
lower,  so  the  net  return  is  a  little  higher.  The  difference  in  return 
however,  is  not  great  enough  to  justify  the  purchase  of  any  special 
equipment  for  growing  grains  on  listed  land. 

The  more  intensive  methods  of  cultivation,  such  as  fallowing  and 
plowing  under  green-manure  crops,  have  not  proved  profitable  in 
grain  production.  The  yield  of  grain  has  been  increased  both  by 
fallowing  and  by  the  plowing  under  of  green-manure  crops.  But  in 
few  cases  has  the  increase  been  large  enough  to  pay  for  the  added 
expense.  In  years  of  high  rainfall  other  methods  are  as  good;  in 
years  of  low  rainfall  all  methods  fail ;  only  in  some  years  of  partial 
failure  do  these  methods  show  to  advantage.  On  an  average,  their 
use  over  the  period  covered  by  the  experiments  has  resulted  in  a 
smaller  profit  for  fallowing  than  for  cropping  each  year  and  a  net 
loss  for  plowing  under  green-manure  crops. 

SubsoUing  and  deep  tillage  have  neither  increased  nor  decreased 
yields  to  a  measurable  extent.  They  have  simply  added  to  the  cost 
of  producing  grains  without  adding  to  the  value  of  the  crops  pro- 
duced. Consequently,  these  practices  have  been  less  successful  than 
cheaper  methods  of  cultivation. 

Intensive  tillage  methods  can  not  be  expected  to  pay  in  a  section 
where  the  net  profits  per  acre  are  low  and  where  yields  are  not  greatly 
increased  by  their  use.  The  same  amount  of  labor  distributed  over 
more  acres  would  be  a  more  profitable  investment. 

Subsoiling,  green  manuring,  and  fallowing  are  not  recommended 
as  general  practices  for  any  section  of  western  South  Dakota. 
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Cultivated  crops. — Spring  and  fall  plowing  have  given  about  equal 
results  as  methods  of  soil  preparation  for  com.  Fall  plowing  re- 
quires a  little  more  cultivation  in  that  a  certain  amount  of  spring 
cultivation  is  necessary  in  order  to  keep  the  land  clean  until  the  com 
is  planted.  It  has  a  slight  advantage  in  that  the  com  usually  comes 
up  a  little  sooner  and  matures  just  a  little  earlier.  There  is  no  great 
difference  in  yields,  and  the  farmer  may  arrange  to  do  his  plowing  at 
any  time  previous  to  planting  without  materially  affecting  the  yield. 

Listing  for  com  has  given  lower  yields  than  spring  or  f aU  plowing. 
The  low  cost  of  land  preparation,  however,  makes  the  net  profit  per 
acre  secured  fully  as  high.  In  spite  of  this,  listing  is  not  likely  to 
meet  with  favor  in  western  South  Dakota.  Com  on  listed  land  has 
a  tendency  to  come  up  a  little  more  slowly  and  to  mature  a  little  later 
than  corn  on  plowed  land.  TheX'e  is  also  some  difficulty  in  securing 
a  stand. 

The  more  intensive  methods  of  tillage  have  shown  less  response 
with  com  than  with  small  grains. 

Fall  plowing  has  been  superiof  to  spring  plowing  as  a  method  of 
land  preparation  for  sorghum.  The  difference  has  been  largely  due 
to  stand.  Spring-plowed  land  of  the  heavy  clay  type  can  not 
always  be  worked  down  to  form  a  good  seed  bed  for  sorghum, 
because  of  its  tendency  to  remain  lumpy  until  mellowed  by  rains.  In 
seasons  that  are  dry  between  plowing  and  planting  time,  the  fine 
seed  bed  necessary  to  secure  a  good  stand  of  sorghum  can  n6t  be 
obtained. 

Hay  craps. — ^Hay  crops,  such  as  alfalfa  and  brome-grass,  are  not 
adapted  for  use  in  rotations.  They  should  be  seeded  in  spring  or 
early  summer  on  land  fall  plowed,  worked  down  to  form  a  solid  seed 
bed  in  spring,  and  kept  free  from  weeds  until  seeding.  After  a  stand 
of  these  crops  has  been  obtained,  they  should  not  be  plowed  up,  but 
should  remain  intact  as  a  hayfield  so  long  as  the  production  remains 
good.  Brome-grass  may  be  pastured  to  good  advantage  for  several 
years  after  it  becomes  so  sod  bound  that  it  no  longer  produces  a  profit- 
able yield  of  hay.  Crops  following  alfalfa  and  brome-grass  are 
usually  poor,  on  account  of  the  extremely  dry  condition  in  which  the 
soil  is  left. 

THE  BEST  SYSTEM  OF  FARMING. 

The  system  of  farming  that  offers  the  greatest  possibility  of  a  per- 
manent agriculture  for  western  South  Dakota  is  one  in  which  crop 
production  is  combined  with  the  raising  of  live  stock.  Crop  produc- 
tion alone  can  not  be  depended  upon  for  a  successful  type  of  farming, 
as  the  cash  crops,  such  as  small  grains,  are  subject  to  failure  and  the 
margin  of  profit  is  low.  The  more  certain  crops,  such  as  com  stover 
and  sorghum,  can  not  be  grown  with  profit  unless  fed  near  where 
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they  are  produced.  Their  bulky  nature  prevents  long  hauls,  and 
their  sale  price  is  far  below  their  feeding  value.  The  production  of 
live  stock  alone  is  likewise  subject  to  limitations.  The  most  promi- 
nent of  these  is  the  question  of  winter  feed.  In  dry  years  the  growth 
of  grass  on  the  Great  Plains  is  scant,  and  the  quantity  of  hay  that 
cui  be  cut  is  limited.  Unfortunately  the  live  stock  need  the  most 
land  for  pasture  in  the  particular  seasons  when  the  acreage  that  must 
be  cut  for  hay  must  be  extended  if  an  adequate  supply  of  winter  feed 
is  to  be  obtained.  The  best  way  to  meet  this  condition  is  to  grow 
some  annual  crop,  such  as  com,  that  produces  a  comparatively  large 
bulk  of  rough  feed  per  acre. 

The  system  of  farming  that  suggests  itself  is  as  follows:  (1)  The 
production  of  live  stock  up  to  the  limit  of  pasture  in  dry  years,  (2) 
the  planting  of  an  acreage  of  com  sufficient  to  meet  the  winter 
demands  of  the  stock  to  be  carried  over,  and  (3)  the  production  of 
small  grain  on  the  com  land.' 

The  limit  of  live-stock  production  for  any  one  farmer  lies  pri- 
marily in  the  area  of  pasture  land  he  has  after  an  acreage  sufficient 
for  growing  crops  has  been  set  aside.  The  number,  of  live  stock  that 
should  be  kept  should  be  limited  by  the  ea:tent  of  pasture  available 
in  a  dry  year  rather  than  by  that  of  a  favorable  season.  It  is  better 
to  undergraze  land  in  good  seasons  than  to  overgraze  it  in  years  of 
drought.  The  carrying  capacity  of  different  sections  varies  with 
the  native  vegetation.  What  the  carrying  capacity  of  any  particular 
section  is  must  be  determined  by  observation  and  experience. 

Com  stover  offers  a  solution  of  the  question  of  winter  feed.  As 
has  been  shown  in  considering  com  and  sorghum,  they  can  be  prac- 
tically relied  on  to  furnish  the  rough  feed  each  year.  Ear  com  is 
produced  in  paying  quantities  in  more  than  half  the  years,  and  when 
obtained  it  can  be  well  utilized  either  for  feed  or  for  sale.  Since 
com  does  well  on  either  spring  or  fall  plowing,  the  work  preparatory 
to  planting  can  be  done  at  the  time  when  it  interferes  least  with  other 
farm  work.  The  acreage  of  com  and  sorghum  grown  should  be  suffi- 
cient to  insure  winter  feed  for  the  live  stock  to  be  carried  over.  The 
acreage  should  be  fixed  by  the  quantity  necessary  for  winter  feed  in 
years  when  the  production  of  stover  is  not  high.  In  years  of  extra- 
heavy  production  the  excess  feed  can  be  carried  over  or  the  number 
of  stock  increased  for  winter  feeding. 

While  com  and  live  stock  must  form  the  basis  of  a  permanent 
agriculture  in  this  section,  grains  can  be  grown  in  connection  with 
them  as  a  specxdative  crop,  with  the  chances  of  profit  very  good  and 
the  chance  of  total  failure  low.  The  com  ground  provides  one  of 
the  b^  preparations  for  small  grains,  on  which  they  can  be  grown 
at  a  very  low  cost.  Their  yield,  consequently,  does  not  need  to  be 
heavy  in  order  to  be  profitable.    In  years  of  high  production  they 
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are  very  profitable.  The  land  planted  to  com  in  one  year  may  be 
planted  to  small  grain  the  next  without  expense  other  than  disking, 
harrowing,  seed,  and  seeding.  In  years  when  the  conditions  favor 
grain  production,  the  value  of  the  grain  crop  far  exceeds  the  cost  of 
production.  In  years  when  it  seems  apparent  that  no  grain  will  be 
produced,  the  small-grain  crops  may  be  cut  for  hay  and  a  supple- 
mental supply  of  winter  feed  thus  secured.  This  will  make  the  grain 
crops  of  value  in  seasons  when  their  production  for  grain  is  a  failure. 
As  has  been  stated,  the  com  should  be  kept  clean.  The  cost  of  keep- 
ing the  corn  free  from  weeds  is  more  than  made  up  in  the  added 
value  of  the  following  crop.  The  kind  of  small  grain  to  be  raised 
must  depend  upon  the  needs  of  the  individual  farmer. 

With  modifications,  this  system  of  farming  should  be  adapted  to 
any  section  of  western  South  Dakota.  In  places  where  grain  does 
well  the  acreage  of  small  grains  may  exceed  the  corn  acreage.  The 
extra  acreage  of  small  grain  will  then  be  grown  on  either  spring  or 
fall  plowing  following  small  grain.  On  farms  where  particular  land 
conditions,  such  as  land  along  streams,  favors  the  growth  of  alfalfa 
and  brome-grass  the  acreage  of  com  grown  may  be  reduced.  With 
modifications  to  meet  special  conditions,  such  a  combination  of  crop 
growing  with  live-stock  production  holds  promise  of  forming  the 
basis  of  a  stable  system  of  farming  for  western  South  Dakota. 

The  climatic  records  available  cover  a  much  longer  period  than 
those  of  crop  production.  They  show  that  such  extreme  years  as 
1911  are  very  infrequent.  Such  years,  as  well  as  less  extreme  ones 
like  1919,  may  be  provided  against  in  part  by  a  liberal  carry  over  of 
surplus  feed  from  years  of  heavy  production.  They  must  be  met  in 
part  by  the  importation  of  feed  and  in  part  by  the  temporary  reduc- 
tion of  herds  and  flocks.  The  essential  thing  is  that  farms  be  so 
capitalized  that  they  can  stand  the  strain  of  such  reverses  and  con- 
tinue as  going  concerns  prepared  to  secure  the  returns  of  the  good 
and  the  average  years. 
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GRAIN  CROPS  in  western  South  Dakota,  in  the 
average  results  of  a  series  of  years,  show  yields 
that  should  be  profitable;  but  a  stable  agriculture 
based  upon  grain  production  alone  has  not  been 
established.  The  average  is  made  up  of  exceedingly 
heavy  yields  in  a  few  years  and  low  yields  or  failure 
in  other  years,  rather  than  fairly  good  yields  each 
year.  Grain  farming  has  not  been  able  to  withstand 
the  reverses  of  the  unfavorable  years,  which  may 
appear  in  succession,  and  to  realize  the  profits  of 
the  good  years. 

The  United  States  Department  of  Agriculture, 
since  1908  at  the  Belle  Fourche  Field  Station,  near 
Newell,  and  since  1912  at  the  Ardmore  Field  Sta- 
tion, has  been  conducting  thorough  investigations  of 
methods  of  crop  production  in  western  South  Da- 
kota. The  results  of  these  investigations  show  that 
the  high  fluctuation  of  yields,  due  to  fluctuating  rain- 
fall, can  not  be  suflBciently  overcome  by  cultural 
methods  to  change  the  problem  materially.  These 
results  and  the  experience  of  farmers  who  have  suc- 
ceeded indicate  that  the  most  favorable  conditions 
for  grain  production  are  found  when  combined  with 
or  subordinated  to  stock  production. 

The  system  and  methods  reconmiended  are 
(1)  keeping  livestock  to  the  capacity  of  summer 
pasture  and  winter  feed,  (2)  the  growth  of  culti- 
vated annual  crops  (corn  and  sorgo)  for  winter 
feed,  and  (3)  the  growth  of  small  grains  follow- 
ing the  com  without  plowing.  This  system  may  be 
modified  as  local  or  individual  conditions  warrant 
the  growth  of  alfalfa  for  hay  or  seed,  or  the  growth 
of  a  larger  acreage  of  wheat  or  other  grains. 


Washincton,  D.  C.  Itsued  September,  1920;  revised  November,  1926 
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AGRICULTURAL  CONDITIONS 

WESTERN  SOUTH  DAKOTA  is  largely  a  dry-fanning  coun- 
try. With  the  exception  of  the  Black  Hills  and  a  narrow 
belt  of  land  adjacent  to  and  influenced  by  them,  it  lies  within  a  region 
nonnally  deficient  in  rainfall.  A  certain  part  of  this  territory  is 
irrigated,  and  more  will  no  doubt  eventually  be  reclaimed,  but  most 
of  it  must  always  be  dry  farmed. 

Attempts  to  make  this  part  of  South  Dakota  a  strictly  crop-produc- 
ing section  have  been  unsuccessful.  The  settlement  of  this  country 
\m  generally  been  made  after  a  series  of  good  years  had  created 
an  exaggerated  idea  of  its  crop  possibilities.  Most  of  the  original 
settlers  tried  to  make  a  living  by  crop  production,  and  almost  all  of 
Ibem  failed  and  left  the  country.  Only  those  who  turned  to  the 
raising  of  livestock  as  their  principal  industry  have  been  able  to 
rmiain. 

Although  crop  production  alone  has  not  been  successful,  the  growth 
of  a  certain  proportion  of  crops  is  necessary  to  the  best  development 
of  the  livestock  industry.  This  bulletin,  in  reporting  the  results  of 
studies  of  methods  of  crop  production,  indicates  a  way  in  which  the 
two  can  be  combined  to  make  each  successful.  It  is  based  upon  the 
results  obtained  on  the  d^-f  arming  unit  of  the  Belle  Fourche  Field 
Station,  near  Newell,  S.  Dak.,  estai>lished  in  1908,  supplemented  by 
those  of  the  Ardmore  Field  Station,  established  in  1912.  At  both 
stations  all  the  adapted  crops  have  been  under  trial  each  year  under 
all  the  a>mbinations  and  methods  likely  to  be  practiced  or  offering  a 
possibility  of  success. 

TOPOGRAPHY 

Most  of  western  South  Dakota  is  a  Plains  section.  There  are  por- 
tions that  are  too  rough  for  cultivation,  but  by  far  the  larger  part 
is  physically  suited  to  the  raising  of  crops.  Much  of  it  consists  of 
rolling  hills  whose  slopes  are  generally  not  too  steep  to  be  cultivated. 
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Ek^nomic  conditions  that  will  decide  how  much  of  the  land  can  be 
profitably  cultivated,  rather  than  the  topography  of  the  country,  will 
aetermine  the  area  of  land  devoted  to  crc^s. 

SOILS 

The  soils  of  western  South  Dakota  vary  from  almost  pure  sand  to 
a  very  heavy  clay,  or  "  gumbo."  The  Pierre  clay,  or  "  gumbo,''  soil 
constitutes  about  one-third  of  the  area  of  South  Dakota  west  of  the 
Missouri  River.  The  Belle  Fourche  Field  Station  is  situated  on  this 
type  of  soil,  and  the  results  at  this  station  are  to  be  applied  to  this 
soil  in  particular.  It  is  on  soil  of  this  type  that  dry  farming  is  the 
most  difficult  and  that  crop  production  is  the  least  successful.  Both 
the  expense  of  working  tne  soil  and  the  fact  that  crops  show  le^ 
diought  endurance  on  this  heavy  soil  than  on  lighter  soils  con- 
tribute to  this  result.  So  far  as  soil  conditions  are  concerned,  the 
lighter  the  soil  the  more  certain  crop  production  should  be,  provided 
the  SOU  is  not  so  li^t  that  soil  blowing  becomes  a  factor.  The  lighter 
soil  will  probably  not  produce  as  high  yields  as  the  heavy  soil  in 
favorable  years,  but  will  endure  more  drought  and  produce  b^er 
yields  in  years  of  partial  failure.  Average  yields  obtained  at  Newell 
are  doubtless  lower  than  would  be  obtained  in  more  favorable  soils 
in  western  South  Dakota. 

The  station  at  Ardmore  is  located  in  a  soil  of  heavy  day  type,  but 
deeper  and  somewhat  lighter  than  the  ^^  gumbo  ^  of  the  station  near 
Newell. 

CLIMATE 

The  average  annual  precipitation  in  western  South  Dakota,  exclu- 
sive of  the  area  influenced  by  the  Black  Hills,  varies  from  13  to  IS 
inches.  At  both  Newell  and  Ardmore  about  two-thirds  of  the  total 
precipitation  occurs  during  the  five  months  from  April  to  August, 
mclusive.  The  precipitation  during  the  growing  season,  like  the 
annual  precipitation,  is  variable  in  both  quantity  and  distribution. 
Both  or  these  factors  are  of  ^eat  importance  in  determining  crop 
production.  Low  seasonal  rainfall  is  usually  accompanied  by  hign 
evaporation  and  possibly  by  unfavorable  temperatures  and  hot 
winds.  The  same  may  be  true  of  a  seasonable  precipitati<Hi  normal 
in  quanti^  but  not  well  distributed.  A  well-distributed  seasonal 
rainfall  ox  average  or  more  than  average  amount  is  usually  accom- 
panied by  favorable  growing  conditions. 

Only  in  exceptional  years  is  the  precipitation  high  enough  and  suf- 
ficiently well  distributed  to  allow  all  crops  to  mature  without  their 
growth  being  checked  to  some  extent  by  drought.  Likewise  it  is  rare 
for  any  year  to  be  so  dry  that  complete  failure  of  all  crops  occurs. 

In  most  years  there  is  drought  injury,  varying  in  extent  with  the 
amount  and  distribution  of  the  precipitation  and  with  the  intensity 
of  other  climatic  factors.  This  injury  seldom  affects  all  cnqjs 
equally.  A  complete  failure  of  small  grains,  which  make  their 
growth  early  in  the  season,  may  occur  in  a  year  when  good  yields 
of  late-growing  cultivated  crops  are  obtained,  or  a  go^  yield  of 
small  grain  may  be  obtained  in  a  year  when  cultivated  crops  do  not 
do  weU. 

The  distribution  of  rain  through  the  growing  season  is  usually  the 
deciding  factor  in  determining  which  crops  will  be  successful  in  any 
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giTen  year.  The  fact  that  one  crop  may  do  well  in  a  year  when 
another  crop  fails  tends  to  make  some  diversification  of  crops  neces- 
saiT,  in  order  that  complete  failure  may  be  avoided  as  far  as  possible. 
The  amount  and  the  distribution  of  the  precipitation  are  well 
shown  in  Table  1,  compiled  from  the  records  of  the  Belle  Fourche 
Field  Station.  The  precipitation  at  Ardmore  is  about  the  same,  the 
average  for  the  14-year  period  from  1912  to  1925,  inclusive,  being 
16.43  inch^e»,  or  only  0.19  inch  less  than  the  average  at  Newell  for 
the  same  years. 

Tails  -L—Predpitation  at  the  Belle  FoMrche  Field  Station,  NewOl,  8.  Dak.,  fer 
the  18-vear  period  from  1908  to  t925y  inclusive 

(Data  in  inobes;  T.*tnoal 
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CROP  PRODUCTION 

Water  stored  in  the  soil  at  seeding  time  is  "used  by  the  crops,  and 
to  the  extent  to  which  it  is  needed  and  is  able  to  sui>plement  the  rain- 
fall may  determine  the  yield,  but  in  this  region  it  is  not  sufficient  in 
itself  to  produce  crops.  Production  is  dependent  upon  the  rainfall 
of  the  season  in  whicn  the  crops  are  growing.  It  is  consequently  im- 
possible to  tell  from  the  character  or  the  winter  or  from  tne  amount 
of  precipitation  before  seeding  what  the  chances  of  success  with  the 
di^rent  crops  may  be. 

Thus,  the  choice  of  crops,  aside  from  winter  wheat,  in  any  given 
year  should  not  be  influenced  to  any  great  extent  by  conditions  Mfore 
seeding.  The  best  farm  practice  is  to  select  the  crops  that  have 
shown  the  best  average  results  for  a  number  of  years  and  devote  a 
certain  area  of  land  to  these  each  year  rather  than  to  try  to  base  the 
acreage  to  be  devoted  to  crops  and  the  kind  of  crops  to  be  grown 
upon  conditions  prevailing  before  seeding  in  any  year. 

Successful  crop  production  in  western  Sotith  Dakota  must  embody 
the  following:  (1)  The  selection  of  crops  best  adapted  to  the  locality 
and  the  best  varieties  of  these  crops,  (2)  the  use  of  cultural  methoos 
that  will  give  the  greatest  return  for  labor  in  the  production  of  these 
adapted  crops,  and  (»3^  the  adoption  of  a  system  of  farming  in  which 
crop  production  supplements  tne  other  lines  of  farm  activities. 
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ADAPTED  CROPS 


The  crops  adapted  to  western  South  Dakota  consist  principally  of 
small  grains,  cultivated  crops,  and  pasture  and  hay  crops.  These 
will  be  considered  separately. 

SMALL  GRAINS 

The  production  of  small  grains  at  both  the  Belle  Fourche  and 
the  Ardmore  Field  Stations  has  been  uncertain  in  the  extreme, 
though  in  the  average  of  a  series  of  years  most  grain  crops  have 
shown  profitable  yields.  Analysis  of  the  results  shows  tnat  the 
fairly  good  average  yield  is  the  re^t  of  high  yields  in  good  years 
and  low  yields  in  other  years  rather  than  of  fairly  good  yields  each 
year.  The  average  yields  of  winter  wheat,  spring  wheat,  oats,  barley, 
com,  and  sorgo  at  the  Belle  Fourche  Field  Station  and  at  the 
Ardmore  Field  Station  are  shown  in  Table  2.  The  yields  given  are 
the  averages  of  all  methods  under  trial  and  represent  an  approxi- 
mately equal  number  of  the  better  and  poorer  yielding  methods. 
They  are  probably  above  the  averages  obtained  by  all  farmers,  but 
»  it  ought  to  be  possible  for  farmers  using  only  the  best  methods  to 
equalor  exceed  them. 

Table  2. — Yields  of  winter  wheat,  spring  wheat,  oats,  harlej/,  com,  and  sorgo  at 
the  Belle  Fourche  and  Ardmore  (fif.  Dak,)  Field  Stations  for  certain  years  in 
the  n-year  period  from  1909  to  1923,  inclusive 


StatloD  and  year 

Winter 

SDrins 

Oats 

Barley 

Com 

toSx 

wheat       wheat 

Grain 

Stover 

Belle  Fourche: 

1000      

BiUhelt     BuOuU 

28.0           28.7 

1.8             2.6 

Biukdt 

oao 

0.8 

0 

&2 
23.0 
20.8 
126.0 
33.3 
17.1 
23.3 

2.3 
03.8 
11.0 
00.0 
67.6 
44.1 
62.2 

Btukdi 
31.7 

3.0 

0 
.7 
10.1 

0.6 
72.2 
31.0 
22.0 
14.0 

1.3 

oao 

12.8 
44.8 
47.0 
28.3 
32.3 

BtukeU 
10.8 
.0 
0 

21.0 
8.0 
.6 
44.6 
32.6 
2a4 

aao 

.8 
87.4 

0.0 
42L3 
62L4 
17.7 

0.0 

Ponndi 

3.806 

2;  880 

0 

*S 

2,108 
1,080 
2,077 
236 
2.008 
1,486 
8,000 
3.870 
1.122 
1.710 

PfmniM 
6.020 
8,300 

0 
<100 
8,400 
1.726 
0^460 
0,0M 
3,800 
7,700 

0 
6C000 
^4A> 
6^060 
7.820 
8,540 
4,040 

1010 

1911     

0 
0 

2L3 

1&2 

30.2 

12.7 

3.8 

27.1 

2.0 

1.0 

5.4 

3a8 

2L3 

3a5 

23.0 

0 
0 

ia8 
lai 

67.0 
17.3 

7.4 

ILO 

.0 

20.0 

7.3 
32.2 
28.0 
21.6 
10.8 

1912 

1013         

1014     

1016 

1010 

1017                .             ... 

1018    

1010 

1020          

1021 

1022 

1028 

1024 

1025 

Average 

15.6 

16.8 

36.0 

210 

2a4 

1.080 

4,406 

Ardmore: 

1018 

1.4 

0 

33.2 
31.3 

7.2 
10.4 
18.3 
25.7 
l&O 

0 
17.4 

0.3 

»ia2 

2.0 

0 

46.8 
2L1 

0.2 
36.0 
11.0 
28.1 
18.0 

0 

24.4 
11.0 
17.1 

2.3 

0 

77.2 
80.8 
16u2 
65.1 
22.4 
56.8 
42.6 

0 

60.1 
13.3 
33.0 

1.4 

0 

82.0 
23.4 

6.3 

sao 

8.0 
36.1 
14.4 

0 

43.6 
11.2 
32.8 

0 

0 

38.8 
22L1 
13.0 
22.2 

0.2 
10.8 

7.0 
14.8 
20.6 

2.4 
18.0 

037 
1,018 
8.000 
S.QB8 
1.410 
2;  110 
1.824 

uooo 

1.070 
1.880 
2,007 
1.078 
2,018 

1014 

1016 

1010 

O^MO 
8,100 
0,700 
8,004 
4,040 
4,»0 

4,aoo 

7.180 
2;  000 
8.040 

1017 

1018 

1010 

1920 

1021 

1022 

1028 

1024 

1026 

Average 

14.6 

17.4 

32.0 

aao 

14.0 

1.040 

<aB4 

>  Yield  from  roaeeding  to  spring  wheat. 
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The  yearly  results  in  Table  2  show  why  grain  farming  in  this 
section  has  not  been  successful.  The  average  yield  of  spring  wheat 
at  the  Belle  Fourche  Field  Station  has  been  16.8  and  at  Ardmore 
17.4  bushels  per  acre.  If  it  were  possible  to  obtain  these  yields  of 
wheat  each  year,  wheat  raising  could  be  made  a  profitable  type  of 
fanning.  However,  in  9  of  the  17  years  at  Belle  Fourche  and  in  6 
of  the  13  years  at  Ardmore  the  yield  of  wheat  has  been  considerably 
below  these  averages,  and  in  these  years  wheat  has  been  grown  either 
at  a  loss  or  at  a  very  small  profit.  As  many  as  three  years  of  nearly 
complete  failure  have  occurred  successively.  This  explains  why 
wheat  production  has  been  an  unstable  type  of  farming. 

Wheat  raising  alone  is  not  successfully  maintained  where  in  so 
large  a  proportion  of  the  years  it  must  be  carried  on  at  a  loss  or  at 
a  very  small  profit.  It  can,  however,  be  carried  on  profitably  in 
comiection  with  livestock  production,  provided  it  can  oe  handled  in 
snch  a  way  as  to  require  a  minimum  of  labor  and  expense. 

The  same  is  true  of  oats  and  barley.  Their  yields  have  been  rela- 
tively about  the  same  as  that  of  spring  wheat,  and  the  drought 
resistance  of  the  three  has  been  practically  the  same.  Choice  between 
these  Uiree  crops  must  depend  primarily  upon  individual  conditions 
that  determine  which  crop  can  be  most  profitably  disposed  of. 

Winter  wheat  survives  the  winter  in  only  a  small  portion  of 
western  South  Dakota.  When  it  endures,  it  may  produce  a  higher 
yield  and  be  more  profitable  than  spring  wheat.  When  it  winter- 
kills, the  land  can  be  reseeded  to  spring  wheat  or  some  other  crop 
without  any  further  expense  than  seed  and  seeding.  When  tiiere  is 
not  sufficient  moisture  in  the  soil  in  the  fall  to  insure  germination 
of  the  seed,  the  planting  of  winter  grains  is  not  advisable. 

Winter  rye  has  not  been  so  profitable  as  winter  wheat  in  the  sec- 
tion where  winter  wheat  does  well.  It  is.  however,  more  hardy  and 
will  endure  the  winter  in  any  section  or  the  State.  Over  most  of 
western  South  Dakota  it  is  generally  as  profitable  as  the  spring 
grains.  It  ripens  earlier  in  the  season  and  consequently  often  escapes 
periods  of  drought  that  aflfect  spring-seeded  crops.  For  this  reason 
it  iB  a  more  dependable  crop  than  the  spring  grains,  though  its  yield 
does  not  compare  favorably  with  theirs  in  years  of  high  production. 

The  yields  of  flax  at  these  stations  have  not  been  high.  Flax  has 
been  generally  grown  as  a  sod  crop  on  new  breaking,  and  in  this  con- 
nection has  given  poor  yields.  Flax  on  old  ground  or  upon  land 
broken  the  previous  summer  has  given  better  results,  but  even  then 
has  not  been  so  good  as  other  grain  crops.  It  is  particularly  adapted 
for  growth  where  a  cash  crop  is  desirable  and  where  a  long  haul  to 
inarket  is  necessary.  Its  hign  price  in  proportion  to  its  bulk  makes 
it  a  valuable  crop  in  this  connection,  even  though  the  weight  of  the 
product  per  acre  is  relatively  smaller  than  that  of  other  grains.  ^ 

The  b^  varieties  of  these  different  grain  crops^and  the  best  time 
and  rate  of  siding  recommended  as  a  result  ox  extensive  tests  con- 
ducted by  the  Office  of  Cereal  Crops  and  Diseases,  Bureau  of  Plant 
Industry,  are  stated  in  Farmers^  Bulletin  878,  "  Grains  for  Western 
North  and  South  Dakota,"^  as  follows: 

Varietiet.— -Winter  wheat  (in  the  vicinity  of  the  Black  HiUs),  Kharkot 
Tarkey;  earing  wheat.  Kabanka,  Marquis;  oats,  Kherson,  Sixty-Day;  barley, 

'  By  F.  Bay  Babcoek,  John  H.  Martin,  and  Ralph  W.  Smith. 
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Wbite  Smyrna,  Hannchen;  rye,  North  Dakota  No.  959,  Swedish;  flax.  North 
Dakota  No.  155,  Damont. 

Time  of  seeding, — Sow  spring  wheat  and  oats  as  early  as  the  land  can  be  pat 
in  good  condition,  barley  after  wheat  and  oat  seeding  Is  finished,  and  flax  about 
May  1.  Sow  winter  wheat  and  winter  rye  in  late  Aagust  or  early  September 
in  North  Dakota  and  in  September  or  early  October  in  South  Dakota. 

Rate  of  seeding, — ^The  best  rates  of  seeding  are  as  follows :  Spring  wheat,  4 
pecks  per  acre;  winter  wheat  3  to  4  pecks  per  acre;  oats  and  barley,  5  to  6 
pecks  per  acre ;  flax,  20  to  30  pounds  per  acre. 

CULTIVATED  CROPS 

Com  is  the  cultivated  crop  grown  most  generally  in  western  South 
Dakota.  There  are  varieties  that  will  ripen  in  all  parts  of  this  sec- 
tion. A  yield  of  grain  can  not  be  obtained  every  year,  but  a  yield 
of  fodder  is  fairly  certain.  Sorgo  is  the  only  other  crop  that  offers 
possibilities  of  competing  with  com  as  a  coarse  feed  crop  in  this 
section.  Table  2  presents  the  average  annual  yields  of  both  com 
and  sorgo  at  both  the  Belle  Fourche  and  the  Ardmore  Field  Sta- 
tions. This  table  shows  that  at  each  station  com  has  produced  a 
good  crop  of  grain  in  about  half  the  years.  At  Ardmore  there  has 
been  some  crop,  at  least  of  stover,  every  year,  but  at  Belle  Fourche 
there  was  complete  failure  in  1911  and  a  failure  from  most  methods 
in  1919.  In  both  years  the  ground  was  so  dry  at  corn-planting  time 
that  the  seed  did  not  germinate.  Sorgo  failed  in  those  years  at 
Belle  Fourche  for  the  same  reason. 

TTie  greatest  value  of  corn  as  a  dry-land  crop  is  its  ability  to  pro- 
duce a  fair  yield  of  stover  even  in  dry  years.  Corn  fits  in  admirably 
with  the  raising  of  livestock  and  can  be  depended  upon  to  produce 
winter  feed  for  them  in  most  years  so  diy  that  the  growth  of  grass 
on  tlie  prairie  is  scant  and  opportunities  for  cutting  hay  are  limited. 
In  addition  to  this,  com  in  more  favorable  years  produces  a  fairly 
good  yield  of  grain.  The  combined  value  of  the  grain  and  stover 
tends  to  make  com  the  most  profitable  dry-land  crop  in  this  area.  As 
the  number  of  stock  in  the  section  increases  and  the  area  of  land 
where  hay  can  be  cut  becomes  smaller,  farmers  will  be  more  and 
more  dependent  for  their  winter  feed  upon  crops  like  corn  that  pro- 
duce a  large  yield  of  rough  feed  per  acre. 

Sorgo  produces  a  higher  yield  of  stover  per  acre  than  com 
over  most  of  western  South  Dakota,  and  the  stover  is  more  palatable. 
It  does  not  appear  likely,  however,  to  replace  corn  to  any  consider- 
able extent  in  this  section.  The  ccmibined  value  of  the  grain  and 
stover  of  com  is  greater  than  the  stover  value  of  sorgo.  This, 
together  with  the  fact  that  corn  is  easier  to  produce,  makes  it  se^n 
certain  that  com  will  continue  to  be  the  leading  cultivated  crop. 
It  is  worthy  of  note,  however,  that  in  a  considerable  number  of 
years  at  both  the  Belle  Fourche  and  Ardmore  stations  when  the  yield 
of  ear  com  was  low,  the  yield  of  sorgo  was  proportionately  greater 
than  in  more  favorable  years.  A  portion  of  the  com  acreage  could 
well  be  replaced  by  sorgo  as  an  insurance  against  failure  of  tihe 
feed  crop  in  unfavorable  years. 

The  varieties  of  corn  best  suited  to  western  South  Dakota  vary 
with  the  locality.  Near  the  northern  part  of  the  State,  only  very 
early  com  will  mature.  In  the  central  and  southern  portion  the 
earlier  dent  corns,  such  as  Northwestern  and  Payne  White,  have 
been  most  successful.    In  many  places  some  unnamed  varieties  lu^ve 
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beMi  grown  in  restricted  localities  for  a  number  of  years.  In  most 
cases  adapted  acclimated  varieties  like  these  are  as  valuable  as  the 
standard  varieties  that  are  more  widely  known. 

Only  the  sweet  sorgos  are  adapted  for  growth  as  far  north  as 
South  Dakota.  Minnesota  Amber,  Dakota  Amber,  and  Bed  Amber 
are  the  most  promising  varieties. 

PASTURE  AND  HAY  CROPS 

At  least  in  the  "  gumbo  "  soils  of  western  South  Dakota  the  growth 
of  pasture  crops  has  not  been  and  is  not  likely  to  be  practiced.  The 
expense  of  preparing  the  ground  and  seeding  a  pasture  crop,  to- 
gether with  the  fact  that  a  comparatively  large  acreage  is  req^uired 
for  each  animal  pastured,  makes  the  initial  cost  almost  prohibitive. 

Alfalfa  and  brome  grass  offer  possibilities  as  hay  crops.  The 
yield  of  feed  is  much  less  per  acre  than  that  of  corn  ana  similar 
crops,  but  there  is  an  advantage  in  that  they  do  not  need  to  be 
planted  each  year.  Alfalfa  at  least  will  endure  for  an  indefinite 
number  of  years.  It  will  produce  a  cutting  practically  every  year, 
though  the  growth  may  be  checked  by  drought  before  the  alialf a 
comes  into  bloom.  Three  cuttings  have  been  produced  at  the  Belle 
Fourche  Field  Station  in  only  one  year  and  two  cuttings  in  three 
other  years.  In  one  year,  1911,  the  crop  was  a  total  failure.  At 
the  Ardmore  Field  lotion  it  has  failed  twice  and  produced  two 
crops  twice. 

Alfalfa  is  particularly  adapted  for  growth  along  streams  or  on 
bottom  lands  where  the  ground  water  is  within  reach  of  the  roots. 
Under  c(mditions  like  this  it  will  make  two  or  three  cuttings 
each  year.  Brome  grass  is  particularly  adapted  to  places  that 
receive  considerable  run-off.  In  such  situations  it  can  be  depended 
upon  to  produce  one  good-sized  crop  of  hay  each  year  until  it  be- 
comes soa  bound.  The  greater  feeding  value  of  alfalfa  and  the  fact 
that  it  produces  nearly  as  much  hay  as  brome  grass  and  does  not 
become  sod  bound  make  it  much  more  valuable  as  a  hay  crop. 

In  addition  to  its  value  as  a  forage  crop,  alfalfa  is  often  of  great 
value  as  a  seed  crop.  In  years  when  seed  production  is  good,  the 
value  of  the  seed  is  usually  far  greater  than  that  of  the  forage. 
When  a  seed  crop  is  obtained,  the  straw  from  which  the  seed  has  b^n 
separated  is  readily  eaten  by  stock  and  has  a  greater  nutritive  value 
than  grain  straw. 

The  ability  of  alfalfa  to  produce  seed  depends  to  a  great  extent 
upon  the  type  of  soil  upon  which  it  is  grown.  On  the  heavy  clay  soils, 
lie  that  at  Belle  Fourche,  alfalfa  seldom  produces  seed  after  it  has 
once  been  established,  even  when  grown  in  cultivated  rows.  The 
plant  generally  begins  to  suffer  from  drought  before  it  comes  into 
lull  bloom,  and  little  seed  is  formed. 

On  lighter  soils  alfalfa  suffers  less  severely  from  drought  and 
produces  seed  in  most  years  if  it  is  grown  in  cultivated  rows  or  broad- 
east  with  a  very  thin  stand.  Culture  in  rows  is  the  surest  method 
of  producing  seed,  but  the  expense  of  cultivation  reduces  the  profit 
from  this  method  to  some  extent.  Practically  the  same  forage  yield 
is  secured  from  alfalfa  in  cultivated  rows  and  that  sown  broadcast. 

On  soils  where  ground  water  is  within  reach  of  the  roots  a  seed 
crop  is  obtained  nearly  every  year.    Where  this  condition  exists  no 


Digiti 


zed  by  Google 


8  Farmers*  Bulletin  1163 

advantage  is  to  be  gained  by  growing  in  cultivated  rows.  Either 
the  first  or  the  second  cutting  may  be  left  for  seed.  When  the  sec- 
ond cutting  is  left  for  seed,  a  cutting  of  hay  is  obtained  in  addition 
to  the  se^crop. 

With  the  exception  of  land  where  the  ground  water  can  be  reached 
by  the  roots,  alialf  a  seed  production  is  not  sufficiently  certain  to  be- 
come a  part  of  any  definite  farming  system.  However,  on  the  lighter 
soils  of  western  South  Dakota  a  certain  part  of  the  land  can  be 
planted  to  alfalfa  to  very  good  advantage.  In  years  of  good  seed 
production  the  alfalfa  can  be  saved  for  seed.  In  years  when  it 
seems  apparent  that  little  seed  will  be  formed,  the  crop  can  be  cut 
for  hay.  Used  in  this  way,  it  will  be  valuable  in  all  years  except 
those  of  complete  failure. 

The  variegated  alfalfas — Grimm,  Baltic,  and  Cossack — ^have 
shown  slightly  better  yields  and  greater  hardiness  than  common 
alfalfa. 

CULTURAL  METHODS 

The  cultural  methods  that  have  been  under  trial  consist  of  spring 
plowing,  fall  plowing,  disking,  listing,  subsoiling,  summer  tillage, 
and  the  plowing  under  of  green-manure  crops. 

The  number  of  tillage  operations  required  for  preparinff  the  land 
for  a  crop  varies  a  great  deal  with  these  different  cultural  methods. 
The  time  at  which  the  labor  must  be  performed  likewise  varies.  The 
tillage  operations  involved  in  each  method  of  cultivation  and  the 
time  at  which  they  may  be  best  performed  are  as  follows: 

Spring  plowing  for  all  small  grains  should  be  done  as  early  as 
weather  conditions  will  permit.  Plowing  to  a  depth  of  4  to  6  inches 
is  advisable.  The  land  should  be  disked  before  it  has  a  chance  to 
dry  out  and  harrowed  at  least  once  after  plowing.  Spring  plowing 
for  com  may  be  delayed  until  after  small  grains  are  seeded. 

Fall  plowing  may  be  done  at  any  time  after  harvest.  From  5  to 
8  inches  constitutes  a  good  depth.  As  the  land  is  usually  dry  in  the 
fall,  it  is  best  to  leave  it  rough  until  spring.  A  double  disking  and 
a  harrowing  in  the  sprmg  are  all  the  preparation  necessary  l^fore 
seeding  small  ^ains.  Wnere  a  later  seeded  crop  is  to  be  planted, 
additional  cultivation  may  be  required  in  order  to  keep  the  land  free 
from  weeds  until  seeding.  Fall  plowing  offers  a  better  distribution 
of  labor  than  spring  plowing. 

Disking  without  plowing  at  the  Belle  Fourche  and  Ardmore  sta- 
tions has  been  practiced  only  for  small  grains  and  only  on  land 
where  an  intertilled  crop  has  been  grown.  Double  disking  and  har- 
rowing in  the  spring  are  all  the  preparation  required  before  seedin^^. 

Listing  for  small  grains  may  be  done  at  any  time  after  harvest. 
The  lister  should  be  run  a  little  deeper  than  for  planting  com,  and 
the  furrows  should  be  about  the  same  distance  apart  as  for  com. 
The  land  mav  be  left  rough  over  winter  and  worked  down  level  in 
the  spring.  Normally,  two  diskings  and  a  harrowing  are  required. 
Listing  for  com  is  usually  done  with  a  lister  planter.  No  cultivation 
before  planting  is  required  where  com  is  planted  in  this  manner. 

Subsoiling  is  done  at  the  same  time  as  fall  plowing.  The  land  is 
plowed  with  an  ordinary  plow  to  a  depth  of  8  inches,  and  a  subsoil 
plow  is  run  in  alternate  furrows  to  an  additional  depth  of  8  inches, 
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making  a  total  depth  of  16  inches.  As  the  time  and  labor  necessary 
for  plowing  with  the  subsoil  plow  are  at  least  as  great  as  for  original 
plowing,  the  cost  of  the  whole  operation  is  practically  that  of  two 
plowings.  The  spring  cultivation  needed  for  subsoiled  land  is  the 
same  as  for  land  given  an  ordinary  fall  plowing. 

Land  to  be  summer-fallowed  should  be  plowed  about  8  inches  in 
the  q>ring  or  early  summer,  worked  down  immediately  after  plowing, 
and  kept  free  from  weeds  during  the  rest  of  the  season.  This  usually 
requires  at  least  two  diskings  and  several  harrowings.  The  disk  and 
harrow,  however,  may  well  be  replaced  by  sweep  or  shovel  cultivators 
of  the  duck-foot  type.  Recent  experiments  nave  even  shown  the 
pwsibility  of  omitting  the  plowing  wlien  such  cultivators  are  used. 
They  are  efficient  in  preventing  weed  growth  and  leave  the  surface 
granular  and  ridged.  This  condition  facilitates  the  penetration  of 
water  and  protects  against  soil  blowing.  Fallowing  requires  the  use 
of  the  land  two  years  for  the  production  of  one  crop  and,  conse- 
quently, is  an  expensive  method. 

Green  manuring  is  the  most  expensive  method  that  has  been  tried. 
It  involves  the  preparation  of  land  for  the  green-manure  crop,  the 
cost  of  seed  and  seeding,  the  plowing  under  of  the  green-manure 
crop,  and  the  keeping  of  the  land  free  from  weeds  the  rest  of  the  sea- 
son. Usually  two  plowings,  at  least  two  diskings,  and  two  or  more 
harrowings  are  required.  The  loss  of  the  land  lor  a  year  is  also  an 
item  of  expense  in  preparing  land  by  this  method. 

The  different  crops  vary  m  their  response  to  these  cultural  meth- 
ods. For  this  reason  grain  crops,  cultivated  crops,  and  hay  crops 
are  considered  separately. 

SMALL  GRAINS 

The  results  at  the  Belle  Fourche  Field  Station  indicate  clearly  that 
the  most  profitable  crops  of  grain  are  produced  by  the  cheaper 
methods  of  soil  preparation.  Grain  on  disked  com  land  or  on  disked 
knd  where  some  other  cultivated  crop  has  been  grown  has  shown 
the  highest  net  profit  of  any  method  oi  soil  preparation  tried.  This 
is  due  largely  to  the  low  cost  of  production,  but  partlv  to  the  fact 
that  disked  cultivated  land  has  generally  producea  vields  above  the 
average.  The  yields  of  wheat,  oats,  and  barley  on  disked  com  land 
have  been  higher  than  the  yield  of  the  same  crops  on  spring  or  fall 
plowed  com  land.  In  other  words,  plowing  com  land  either  in  the 
spring  or  in  the  fall  has  been  accompanied  by  an  actual  loss  in  yield, 
as  well  as  by  the  increased  cost  of  production  due  to  the  plowing.  It 
miist  be  borne  in  mind  that  the  corn  ground  had  been  kept  free  from 
weeds.  If  weeds  had  been  allowed  to  grow,  the  results  probably 
would  not  have  been  so  favorable.  With  the  com  ground  kept  clean, 
the  production  of  grain  on  the  disked  corn  land  is  by  far  the  most 
prontable  method  of  production  that  has  been  tested. 

Spring  and  fall  plowing  are  about  equal  as  methods  of  land  prep- 
aration for  grain.  Practically  the  same  amount  of  labor  is  neces- 
sary for  the  preparation  of  a  seed  bed,  and  when  seeding  is  done  at 
the  same  time  the  yields  produced  are  nearly  the  same.  Fall  plowing 
can  be  done  at  a  time  when  work  is  not  so  pressing,  consequently  it 
has  an  advantage  over  spring  plowing  in  that  respect.  As  seeding 
can  be  started  as  early  as  plowing,  fall-plowed  land  can  be  seeded 
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earlier  than  land  that  must  be  plowed  in  the  sprinfr.  This  considera- 
tion becomes  most  important  in  seasons  when  unfavorable  weather 
conditions  hinder  spring  work.  This  is  a  decided  advantage  for  Ml 
plowing,  because  early-seeded  crops  mature  earlier  and  as  a  result 
often  escape  periods  of  drought  that  injure  later  seeded  crops.  How- 
ever, if  the  conditions  in  the  fall  are  such  that  plowing  can  not  be 
done,  a  farmer  may  do  his  plowing  in  the  early  spring  and  be  assured 
of  practically  the  same  returns  as  when  land  has  been  plowed  in  the 
fall,  provided  seeding  is  not  unduly  dela^d. 

Plowing  is  more  expensive  than  disking  in  preparing  land^  for 
grains.  When  small  grains  follow  com,  better  yields  are  obtained 
by  disking.  Plowing  grain  stubble  is  recommended  for  use  only  in 
the  sections  of  western  South  Dakota  where  grain  growing  is  most 
successful  and  where  the  desired  grain  acreage  is  greater  than  the 
area  devoted  to  corn.  Over  the  area  represented  by  the  station  near 
Newell  the  yields  are  so  low  that  the  production  of  grain,  other  than 
on  disked  com  land,  is  more  likely  to  result  in  loss  than  in  profit. 

The  yields  of  grain  on  listed  land  compare  favorably  with  those 
on  plowed  land.  The  cost  of  production  on  listed  land  is  slightly 
lower,  so  the  net  return  is  a  little  higher.  The  difference  in  return, 
however,  is  not  great  enough  to  justify  the  purchase  of  any  special 
equipment  for  growing  grains  on  listed  land. 

The  more  intensive  methods  of  cultivation,  such  as  fallowing  and 
plowing  under  green-manure  crops,  have  not  proved  profitable  in 
grain  production.  The  yield  of  grain  has  been  increaised  both  by 
fallowing  and  by  the  plowing  under  of  green-manure  crops.  In  but 
few  cases  has  the  increase  been  large  enough  to  pay  for  the  added 
expense.  In  years  of  high  rainfall  other  methods  are  as  good ;  in 
years  of  low  rainfall  all  methods  fail ;  only  in  some  years  of  partial 
failure  do  these  methods  show  to  advanta^.  On  an  average,  their 
nse  over  the  period  covered  by  the  experiments  has  resulted  in 'a 
smaller  profit  for  fallowing  than  for  cropping  each  year  and  a  net 
loss  for  plowing  under  green-manure  crops. 

Subsoiling  and  deep  tillage  have  neither  increased  nor  decreased 
yields  to  a  measurable  extent.  They  have  simply  added  to  the  cost 
of  producing  grains  without  adding  to  the  value  of  the  crops  pro- 
duced. Conseauently  these  practices  have  been  less  successful  than 
cheaper  methoas  of  cultivation. 

Intensive  tillage  methods  can  not  be  expected  to  pa;^  in  a  sectimi 
where  the  net  profits  per  acre  are  low  and  where  yields  are  not 
greatly  increased  by  their  use.  The  same  amount  of  labor  distributed 
over  more  acres  would  be  a  more  profitable  invesUnent. 

Subsoiling,  green  manuring,  and  fallowing  are  not  recommended 
as  general  prad;ices  for  any  section  of  western  South  Dakota. 

CULTIVATED  CROPS 

Spring  and  fall  plowing  have  given  about  equal  results  as  methods 
of  soil  preparation  for  com.  Fall  plowing  requires  a  little  more 
cultivation  in  that  a  certain  amount  of  spring  cultivation  is  neces- 
sary in  order  to  keep  the  land  clean  until  the  com  is  planted.  It 
has  a  slight  advantage  in  that  the  com  usually  comes  up  a  little 
sooner  and  matures  just  a  little  earlier.    There  is  no  great  difference 
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in  yields,  and  the  fanner  may  arrange  to  do  his  plowing  at  any 
time  previous  to  planting  without  materially  affecting  the  yield. 

Lining  for  com  has  given  lower  yields  than  spring  or  rail  plow- 
iiig.  The  low  cost  of  land  preparation,  however,  makes  the  net 
profit  per  acre  fully  as  high.  In  spite  of  this,  listing  is  not  likely  to 
meet  with  favor  in  western  South  Dakota.  Com  on  listed  land  has 
a  tendency  to  come  up  a  little  more  slowly  and  to  mature  a  little 
later  than  com  on  plowed  land.  There  is  also  some  difficulty  in 
obtaining  a  stand. 

I^e  more  intensive  methods  of  tillage  have  shown  less  response 
with  com  than  with  small  grains. 

Fall  plowing  has  been  superior  to  spring  plowing  as  a  method  of 
land  preparation  for  sorgo.  The  difference  has  been  largely  due 
to  stand.  Spring-plowed  land  of  the  heavy  clay  type  can  not  always 
be  worked  down  to  form  a  good  seed  bed  tor  sorgo,  because  of 
its  tendency  to  remain  lumpy  until  mellowed  by  rains.  In  seasons 
that  are  dry  between  plowing  and  planting  time,  the  fine  seed  bed 
necessary  to  give  a  good  stand  of  sorgo  can  not  be  obtained. 

HAY  CROPS 

Hay  crops,  such  as  alfalfa  and  brome  ^rass,  are  not  adapted  for 
use  in  rotations.  They  should  be  seeded  in  spring  or  early  summer 
on  land  fall  plowed,  worked  down  to  form  a  solid  seed  bed  in  spring, 
and  kept  free  from  weeds  until  seeding.  After  a  stand  of  these 
crops  has  been  obtained  they  should  not  be  plowed  up,  but  should 
remain  intact  as  a  hayfield  so  long  as  the  production  remains  good. 
Brome  grass  may  be  pastured  to  good  advantage  for  several  years 
after  it  oecomes  so  soa  bound  that  it  no  longer  produces  a  profitable 
yield  of  hay.  Crops  following  alfalfa  and  brome  grass  are  usually 
poor,  on  account  oi  the  extremely  dry  condition  in  which  the  soil  is 

THE  BEST  SYSTEM  OF  FARMING 

The  system  of  farming  that  offers  the  greatest  possibility  of  a 
permament  a^culture  for  western  South  Dakota  is  one  in  which 
crop  production  is  combined  with  the  raising  of  livestock.  Crop 
production  alone  can  not  be  depended  upon  lor  a  successful  type 
of  farming,  as  the  cash  crops,  such  as  small  grains,  are  subject  to 
failure  and  the  margin  of  profit  is  low.  The  more  certain  crops, 
such  as  com  stover  and  sorgo,  can  not  be  grown  with  profit  unless 
fed  near  where  they  are  produced.  Their  bulky  nature  prevents 
long  hauls,  and  their  sale  price  is  far  below  their  feeding  value. 
Hie  production  of  livestock  alone  is  likewise  subject  to  limitations. 
The  most  prominent  of  these  is  the  question  or  winter  feed.  In 
dry  years  the  growth  of  grass  on  the  Great  Plains  is  scant,  and 
ikbqaMHtj  01  hay  that  can  be  cut  is  limited.  Unfortunately  the 
H^gtfhA:  Beed  the  most  land  for  pasture  in  the  particular  seasons 
1fl|B  tlM  acreage  that  must  be  cut  for  hay  must  be  extended  if 
li  Iribquate  supply  of  winter  feed  is  to  oe  obtained.  The  best 
Vta^  to  meet  this  condition  is  to  grow  some  annual  crop,  such  as 
W^  that  produces  a  comparatively  large  bulk  of  rougn  feed  per 
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The  system  of  farming  that  suggests  itself  is  as  follows:  (1)  The 
production  of  livestock  up  to  the  fimit  of  pasture  in  dry  yeare,  (2) 
the  planting  of  an  acreage  of  com  sufficient  to  meet  the  winter 
demands  of  the  stock  to  be  carried  over,  and  (3)  the  production  of 
small  grain  on  the  com  land. 

The  limit  of  livestock  production  for  any  one  farmer  lies  pri- 
marily in  the  area  of  pasture  land  he  has  after  an  acreage  sufficient 
for  growing  crops  has  been  set  aside.  The  number  of  livestock  that 
should  be  kept  should  be  limited  by  the  extent'  of  pasture  available 
in  a  dry  year  rather  than  by  that  of  a  favorable  season.  It  is  better 
to  undergraze  land  in  good  seasons  than  to  overgraze  it  in  years  of 
drought.  The  carrying  capacity  of  different  sections  varies  with 
the  native  vegetation.  What  the  carrying  capacity  of  any  particular 
section  is  must  be  determined  by  observation  and  experience. 

Corn  stover  offers  a  solution  of  the  question  of  winter  feed.  As 
has  been  shown  in  considering  com  and  sorgo,  they  can  be  prac- 
tically relied  on  to  furnish  the  rough  feed  each  year.  Ear  corn  is 
produced  in  paying  quantities  in  more  than  half  the  years,  and  when 
obtained  it  can  be  well  utilized  either  for  feed  or  for  sale.  Since 
corn  does  well  on  either  spring  or  fall  plowing,  the  work  preparatory 
to  planting  can  be  done  at  the  time  when  it  interferes  least  with  other 
farm  work.  The  acreage  of  corn  and  sorgo  grown  should  be  suffi- 
cient to  insure  winter  feed  for  the  livestock  to  be  carried  over.  The 
acreage  should  be  fixed  by  the  quantity  necessary  for  winter  feed  in 

£ears  when  the  production  of  stover  is  not  high.    In  years  of  extra- 
eavy  production  the  excess  feed  can  be  carried  over  or  the  number 
of  stocK  increased  for  winter  feeding. 

Although  corn  and  livestock  must  form  the  basis  of  a  permanent 
agriculture  in  this  section,  grains  can  be  grown  in  connection  with 
them  as  a  speculative  crop,  with  the  chances  of  profit  very  good  and 
the  chance  of  total  failure  low.  The  com  ground  provides  one  of 
the  best  preparations  for  small  grains,  on  which  they  can  be  grown 
at  a  very  low  cost.  Their  yield,  consequently,  does  not  need  to  be 
heavy  in  order  to  be  profitable.  In  years  of  high  production  they 
are  very  profitable.    The  land  planted  to  corn  in  one  year  may  be 

Elanted  to  small  grain  the  next  without  expense  other  than  disking, 
arrowing,  seed,  and  seeding.  In  years  when  the  conditions  favor 
grain  production,  the  value  of  the  grain  crop  far  exceeds  the  cost  of 
production.  In  years  when  it  seems  apparent  that  no  grain  will  be 
produced,  the  small-grain  crops  may  be  cut  for  hay  and  a  supple- 
mental supply  of  winter  feed  thus  procured.  This  will  make  the  ^rain 
crops  of  value  in  seasons  when  their  production  for  grain  is  a  failure. 
As  has  been  stated,  the  corn  should  be  kept  clean.  The  cost  of  keep- 
ing the  corn  free  from  weeds  is  more  than  made  up  in  the  added 
value  of  the  following  crop.  The  kind  of  small  grain  to  be  raised 
must  depend  upon  the  needs  of  the  individual  farmer. 

With  modifications,  this  system  of  farming  should  be  adapted  to 
any  part  of  western  South  Dakota.  In  places  where  grain  does 
well,  the  acreage  of  small  ^ains  may  exceed  the  com  acreage.  The 
extra  acreage  of  small  gram  will  then  be  grown  on  either  spring  or 
fall  plowing  following  small  grain.  On  farms  where  particular  land 
conoitions,  such  as  land  along  streams,  favors  the  growth  of  alfalfa 
and  brome  grass,  the  acreage  of  com  grown  may  be  reduced.    With 
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modifications  to  meet  special  conditions,  such  a  combination  of  crop 
wrowins  with  livestock  production  holds  promise  of  forming  the 
basis  of  a  stable  system  or  farming  for  western  South  Dakota. 

The  climatic  records  available  cover  a  much  longer  period  than 
those  of  crop  production.  They  show  that  such  extreme  years  as 
1911  are  very  infrequent.  Such  years,  as  well  as  less  extreme  ones 
like  1919,  may  be  provided  against  in  part  by  a  liberal  carry  over  of 
surplus  feed  from  years  of  heavy  proauction.  They  must  be  met  in 
I)art  by  the  importation  of  feed  and  in  part  by  the  temporary  reduc- 
tion of  herds  and  flocka  The  essential  thing  is  that  farms  be  so 
capitalized  that  they  can  stand  the  strain  of  such  reverses  and  con- 
tinue as  going  concerns  prepared  to  obtain  the  returns  of  the  good 
and  the  average  years. 
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GRAIN  CROPS  in  western  South  Dakota,  in 
the  average  results  of  a  series  of  years,  show 
yields  that  should  be  profitable,  but  the  averages 
are  made  up  of  heavy  yields  in  some  years  and  low 
yields  or  failures  in  other  years  rather  than  fairly 
good  yields  each  year.  This  indicates  an  unstable 
condition  of  grain  farming. 

The  investigations  of  the  United  States  Depart- 
ment of  Agriculture  at  the  Belle  Fourche  Field  Sta- 
tion, near  Newell,  since  1908,  and  at  the  United  States 
Dry  Land  Field  Station,  Ardmore,  since  1912,  show 
that  the  sureness  of  grain  production  can  be  consid- 
erably increased  by  the  use  of  summer-fallow.  With 
modern  machinery,  efficient  management,  and  nor- 
mal prices,  conditions  appear  favorable  to  the  suc- 
cess of  large-scale  grain  production  by  mechanized 
agriculture. 

Summer-fallow  as  a  preparation  for  small  grains 
in  this  section,  however,  has  a  strong  competitor  in 
cultivated  feed  crops,  the  most  important  of  which 
is  corn.  Livestock  is  necessary  to  the  utilization  of 
such  crops.  For  the  majority  of  farmers  a  combina- 
tion of  crop  growing  with  livestock  production 
promises  to  form  the  basis  of  a  stable  system  of 
farming  for  western  South  Dakota. 


Washington,  D.C.  Issued  September  1920;  revised  August  1933 
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DRY  FARMING  IN  WESTERN  SOUTH 
DAKOTA 

By  0.  R.  Mathews,  associaie  iigronomist.  Division  of  Dry  Land  Agriculture, 
Bureau  of  Plant  Industry 
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AGRICULTURAL  CONDITIONS 


WESTERN  SOUTH  DAKOTA  is  largely  a  dry-farming  coun- 
try. With  the  exception  of  the  Black  Hills  and  a  narrow  belt 
of  land  adjacent  to  and  influenced  by  them,  it  lies  within  a  region 
normally  deficient  in  rainfall.  A  certain  part  of  this  territory  is 
irrigated,  and  more  will  no  doubt  eventually  be  reclaimed,  but  most 
of  it  must  always  be  dry  farmed. 

Attempts  to  make  this  part  of  South  Dakota  a  strictly  crop-pro- 
ducing section  have  been  unsuccessful.  Settlement  in  tnis  country 
generally  was  made  after  a  series  of  good  years  had  created  an 
exaggerated  idea  of  its  crop  possibilities.  Only  those  settlers  who 
turned  to  the  raising  of  livestock  as  their  principal  industry  were 
able  to  remain. 

Developments  in  farm  equipment  during  the  last  decade  have  made 
it  possible  for  one  man  to  handle  a  large  acreage  of  ground,  and 
have  made  crop  production  relatively  more  important  than  it  was 
a  few  vears  ago.  In  spite  of  this  fact,  crop  production  alone  offers 
a  possibility  of  success  only  under  the  most  efficient  type  of  manage- 
ment. The  production  of  livestock  remains  the  basic  industry  of  the 
section.  The  best  development  of  the  livestock  industry  requires 
the  growth  of  a  certain  proportion  of  crops.  This  bulletin,  in  re- 
portmg  the  results  of  studies  of  methods  of  crop  production,  indicates 
a  way  in  which  the  two  enterprises  may  be  combined  and  each  made 
more  successful.  In  addition,  it  indicates  a  way  in  which  crop  pro- 
duction alone  may  be  made  more  stable.  The  recommendations  are 
based  upon  results  obtained  on  the  dry-farming  unit  of  the  Belle 
Fourche  Field  Station,  near  Newell,  S.Dak.,  established  in  1908,  and 
on  those  of  the  United  States  Dry  Land  Field  Station  at  Ardmore, 
established  in  1912.  At  both  stations  all  the  adapted  crops  have  been 
under  trial  each  year  under  all  the  combinations  and  methods  that 
appear  likely  to  be  practiced  or  to  offer  a  possibility  of  success. 

1T9981"— 88  1 
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TOPOGRAPHY 

Most  of  western  South  Dakota  is  a  Plains  section.  There  are 
portions  too  rough  for  cultivation,  but  by  far  the  larger  part  is 
physically  suited  to  crop  raising.  Much  of  it  consists  of  rolling 
hills  whose  slopes  are  generally  not  too  steep  to  be  cultivated. 
Economic  conditions  that  decide  how  much  of  the  land  can  be 
profitably  cultivated,  rather  than  the  topography  of  the  country, 
will  determine  the  area  of  land  devoted  to  crops. 

SOILS 

The  soils  of  western  South  Dakota  ran^e  from  almost  pure  sand 
to  a  very  heavy  clay,  or  gumbo.  The  Pierre  clay,  or  gumbo,  soil 
constitutes  about  one  third  of  the  area  of  South  Dakota  west  of 
the  Missouri  River.  The  station  near  Newell  is  situated  on  this 
type  of  soil,  and  the  results  at  this  station  apply  particularly  to  it 
On  soil  of  this  type  dry  farming  is  most  dimcult  and  crop  produc- 
tion least  successful.  Both  the  expense  of  working  the  soil  and  the 
fact  that  crops  show  less  drought  endurance  on  this  heavy  soil  than 
on  lighter  soils  contribute  to  this  result.  So  far  as  soil  conditions 
are  concerned,  the  lighter  the  soil  the  more  certain  crop  production 
should  be,  provided  the  soil  is  not  so  light  that  it  blows.  The 
lighter  soil  probably  will  not  produce  yields  as  high  as  those  on  the 
heavy  soil  m  favorable  years,  but  will  endure  more  drought  and 
produce  better  yields  in  years  of  partial  failure.  Average  yields 
obtained  at  Newell  are  doubtless  lower  than  would  be  obtained  on 
more  favorable  soils  in  western  South  Dakota. 

The  station  at  Ardmore  is  located  in  a  soil  of  heavy  clay  type, 
but  deeper  and  somewhat  lighter  than  the  gumbo  of  the  station  near 
Newell. 

CLIMATE 

The  average  annual  precipitation  in  western  South  Dakota,  exclu- 
sive of  the  area  influenced  by  the  Black  Hills,  ranges  from  13  to 
18  inches.  At  both  Newell  and  Ardmore  about  two  thirds  of  the 
total  precipitation,  which  averages  about  16^^  inches  at  each  place, 
occurs  during  the  5  months  from  April  to  August,  inclusive. 

Only  in  exceptional  years  is  the  precipitation  high  enough  and 
sufficiently  well  distributed  to  allow  all  crops  to  mature  without 
having  their  growth  checked  to  some  extent  by  drought.  Likewise 
it  is  rare  for  any  year  to  be  so  dry  that  all  crops  fail  completely. 

In  most  years  tnere  is  drought  injury,  varying  in  extent  with  the 
amount  and  distribution  of  the  precipitation  and  with  the  intensity 
of  other  climatic  factors.  This  injury  seldom  affects  all  crops 
equally.  Small  grains,  which  make  their  growth  early  in  the  season, 
ma  V  completely  fail  in  a  year  when  late-growing  cultivated  crops 
make  good  yields,  or  a  good  yield  of  small  grain  may  be  obtained  in  a 
year  when  cultivated  crops  do  not  produce  well. 

The  distribution  of  rain  through  the  growing  season  is  usually 
the  deciding  factor  in  determining  which  crops  will  be  successful 
in  any  given  year.  Because  one  crop  may  do  well  in  a  year  when 
another  crop  fails,  some  diversification  of  crops  is  desirable. 
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CROP  PRODUCTION 

Water  stored  in  the  soil  at  seeding  time  is  used  by  the  crops,  and, 
so  far  as  it  is  needed  and  is  able  to  supplement  the  rainfall,  may 
determine  the  yield.  In  this  region,  however,  such  moisture  alone 
is  not  sufficient  to  produce  crops.  Production  depends  upon  the 
rainfall  during  the  season  in  which  the  crops  are  growing. 

Therefore,  except  for  winter  wheat,  the  cnoice  of  crops  m  any  given 
year  should  not  be  influenced  to  any  ereat  extent  by  conditions  before 
seeding.  The  best  practice  is  to  select  crops  that  have  shown  the 
best  average  results  for  a  number  of  years  and  to  devote  a  certain 
area  of  land  to  these  each  year,  rather  than  to  try  to  base  the  acre- 
age to  be  devoted  to  crops  and  the  kind  of  crops  to  be  grown  upon 
ccmditions  prevailing  before  seeding  time  in  any  particular  year. 

Successfid  crop  production  in  western  South  Dakota  must  embody 
the  following  principles:  (1)  The  selection  of  crops  best  adapted 
to  the  locality  and  the  best  varieties  of  these  crops,  (2)  the  use  of 
cultural  methods  that  will  give  the  greatest  return  for  labor  in  the 
production  of  these  adapted  crops. 

ADAPTED   CROPS 

The  crops  adapted  to  western  South  Dakota  are  principally  small 
grains,  cultivatea  crops,  and  pasture  and  hay  crops. 

SMALL  GRAINS 

Production  of  small  grains  at  both  stations  has  been  uncertain  in 
the  extreme,  though  in  the  average  of  a  series  of  years  most  grain 
crops  have  shown  satisfactory  yields.  The  fairly  good  average 
yields  represent  high  yields  in  good  years  and  low  yields  in  other 
years,  rather  than  lairly  good  yields  each  year. 

The  longest  period  during  which  good  yields  were  obtained  each 
year  was  at  the  Belle  Fourche  Field  Station  during  the  years  from 
1922  to  1930,  inclusive.  The  most  extended  period  of  nearly  com- 
plete failures  due  to  drought  was  at  the  same  station  during  the  years 
1910, 1911,  and  1912. 

The  average  yields  of  winter  wheat,  spring  wheat,  oats,  barley, 
com,  and  sorgo  at  the  two  stations  are  shown  in  table  1.    Tne  yields 

f;iven  in  this  table  are  the  averages  of  all  methods  under  trial,  and 
or  most  crops  they  represent  an  approximately  equal  number  of  the 
better  and  the  poorer  yielding  methods.  They  are  probably  above  the 
averages  obtained  by  all  farmers,  but  it  should  be  possible  for  farmers 
using  only  the  best  methods  to  equal  or  exceed  them. 

The  yearly  results  in  table  1  show  why  grain  farming  alone  has 
resulted  in  so  many  failures  in  this  section.  If  it  were  possible  to 
produce  each  year  a  yield  of  wheat  nearly  equal  to  the  average, 
without  doubt  wheat  raising  would  have  been  a  profitable  type  of 
farming.  The  fact  that  yields  may  be  very  high  or  very  low  has 
made  wheat  production  very  unstable.  In  the  past,  several  succes- 
sive years  of  failure  or  near  failure  in  the  wheat  crop  usually 
resulted  in  impoverishing  the  farmers  depending  upon  wheat 
alone  to  such  an  extent  that  they  were  forced  to  leave  the  land  or 
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to  reduce  their  operations  so  much  that  they  were  unable  to  profit 
during  the  succeeding  good  years.  Farmers  whose  livestock  provided 
some  income  during  poor  crop  years  were  able  to  continue. 

.Table  1. — Yields  of  winter  toheat,  spring  wheats  oats,  harley,  com^  and  sorgo  at 
the  Belle  Fourche  Field  Station,  Netcfell,  8.Dak.,  and  the  United  States  Dry 
Land  Field  Station,  Ardmore,  8J)ak,y  for  certain  pears  in  the  22'pear  period 
from  1909  to  1930 


Station  and  year 

winter 
wheat 

Spring 
wheat 

Oats 

Barley 

Com 

Sorgo, 

Grain 

Stover 

total 

Newell: 

1909         

ButheU 
28.9 

1.8 

0 

0 

21.3 
18.2 
36.2 
12.7 

J- 8 

%7.1 

2.0 
1.6 
5.4 
3a8 
21.3 
30.5 
23.6 
32.4 
11.4 
25.8 
33.6 
19.9 

Btahelt 
28.7 

2.6 

0 

0 

10.8 
10.1 
57.6 
17.3 

7.4 

11.9 

.9 

29.9 

7.3 
32,2 
28.0 
21.5 
19.8 
31.3 
21.6 
32.9 
28.3 
15.4 

BuBhelt 
60.9 

6.8 

0 

8.2 
23.9 
26.3 
125.6 
33.3 
17.1 
23.3 

2.3 
63.8 
11.6 
66.0 
57.5 
44.1 
52.2 
69.7 
39.1 
66.0 
57.0 
40.9 

Bttahelt 
31.7 

3.0 

0 
.7 
10.1 

9.5 
72.2 
31.0 
22.9 
14.6 

1.3 
60.9 
12.8 
44.8 
47.9 
28.3 
32.3 
44.1 
13.2 
49.3 
36.3 
32.2 

BuMtuls 
19.3 
.6 
0 

21.9 
&6 
.5 
44.5 
32.5 
2a4 

aao 

.3 
37.4 

9.0 
42.3 
52.4 
17.7 

9.0 
33.4 
30.3 
32.3 
28.4 

8.4 

Poundt 
3.306 
2.889 
0 
2.623 
986 
1.116 
2,785 
Z198 
1.969 
2.977 
235 
2,008 
1,435 
3.069 
3,379 
1,122 
1.710 
1,852 
2,786 
1.445 
1.624 
2.084 

Pounds 

5,920 

1910 

3.300 

1911           

0 

1912 

4.100 

1913       

3.400 

1914                       ..  . 

1.725 

1915         

6.4a) 

1916 

9.650 

1917         

3,100 

1918 

7,700 

1919   

0 

1920                     

5.900 

1921   

2.4£0 

1922                  

5.9» 

1923   

7.830 

1924              

3.540 

1925 

4.640 

1926           

6.530 

1927 

7,260 

1928          

4.690 

1929 

5.030 

1930  

5,500 

Averftge         .  .  ...        -  - 

17.7 

18.9 

40.3 

27.2 

21.8 

1.979 

4.768 

Ardmore: 

1913                 

1.4 

0 

33.2 
31.3 

7.2 
19.4 
18.3 
25.7 
16.0 

0 
17.4 

9.3 
»10.2 

4.4 
18.6 
20.5 

9.4 

9.7 

2.0 

0 

46.8 
21.1 

9.2 
35.0 
11.6 
28.1 
18.6 

0 

24.4 
11.9 
17.1 

7.2 
32.6 
26.5 
13.4 
10.2 

77.2 
39.8 
15.2 
65.1 
22.4 
56.8 
42.5 
0 

59.1 
13.3 
83.6 
24.8 
66.8 
46.1 
25.1 
23.1 

1.4 

0 

52.9 
23.4 

5.3 
89.9 

8.6 
35.1 
14.4 

0 

43.5 
11.2 
•     32.3 
18.6 
6a8 
27.7 
17.9 
23.7 

0 

0 

38.8 
22.1 
13.9 
22.2 

9.2 
19.3 

7.9 
14.8 
29.5 

2.4 
13.0 
11.6 
36.6 
20.4 

lai 

3.6 

927 
1,013 
3.609 
8.025 
1,410 
2,110 
1.524 
1.660 
1.976 
1,386 
2.607 
1.978 
2.013 
1.081 
3.442 
1.930 
3,662 
1,105 

1914 

1915             

1916... 

6.940 

1917              

3,100 

1918 

6.700 

1919          

3,964 

1920 

4.040 

1921       

iSOO 

1922                        

4.300 

1923 

USD 

1924                      

2.000 

1925 

3.940 

1920                     

3.900 

1927 

9,360 

1928              

8,  MO 

1929 

2.560 

1930 

3.400 

Average 

14.0 

17.5 

34.1 

22.6 

15.3 

2.015 

1553 

>  Yield  from  reseeding  to  spring  wheat. 

Wheat  raising  alone  has  not  been  successful  in  the  past,  but  it 
can  be  carried  on  successfully  in  connection  with  livestock  produc- 
tion if  it  is  so  handled  as  to  require  a  minimum  of  labor  and  expense. 

Under  exceptionally  able  management,  wheat  growing  offers  a 
possibility  of  success  on  farms  where  livestock  growing  is  a  minor 
enterprise.  Growing  wheat  under  these  conditions  requires  an  ex- 
tensive acreage  and  management  so  efficient  that  expenses  are  held 
to  a  minimum.  In  this  type  of  farming  summer-fallow  offers  a 
probability  of  success,  not  as  a  means  of  increasing  the  total  yields 
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of  a  given  acreage  but  as  a  means  of  equalizing  production  among 
different  years  and  reducing  the  cost  of  production. 

Oats  and  barley  show  the  same  response  to  cultural  treatments  as 
wheat.  The  yield  of  oats  in  pounds  per  acre  is  practically  the  same 
as  that  of  wheat  at  Ardmore  and  about  200  pounds  higher  at 
Newell.  Barley  has  been  much  more  productive  than  either  wheat 
or  oats  at  both  stations.  This  is  not  shown  in  the  table  of  average 
yields,  because  a  much  higher  percentage  of  the  barley  than  of 
either  wheat  or  oats  is  grown  under  poor  methods  of  cultivation. 
The  value  of  barley  is  further  obscured  by  the  fact  that  during  the 
first  years  of  the  experiments  a  6-rowed  variety  of  barley  was  grown 
that  was  much  less  productive  than  the  2-rowed  variety  now  grown 
at  both  stations.  Under  comparable  methods,  the  2-rowed  variety 
of  barley  has  produced  an  average  of  about  480  pounds  per  acre 
more  than  oats  at  Ardmore  and  310  pounds  per  acre  more  tnan  oats 
at  Newell.  Barley  is  much  more  valuable  in  terms  of  feed  produced 
per  acre  than  any  other  grain  crop. 

Winter  wheat  survives  the  winter  in  only  a  small  portion  of 
western  South  Dakota.    When  it  endures,  it  may  produce  a  higher 

Eeld  and  be  more  profitable  than  spring  wheat.  When  it  winter- 
Us,  the  land  can  be  reseeded  to  spring  wheat  or  some  other  crop 
without  any  other  expense  than  seed  and  seeding.  When  there  is 
not  sufficient  moisture  in  the  soil  in  the  fall  to  insure  germination 
of  the  seed,  planting  winter  grains  is  not  advisable. 

Winter  rye  has  not  been  so  profitable  as  winter  wheat  in  the  section 
where  winter  wheat  does  well.  It  is,  however,  more  hardy  and  will 
endure  the  winter  in  any  section  of  the  State.  Over  most  of  western 
South  Dakota  it  is  generally  as  profitable  as  the  spring  grains.  It 
ripens  earlier  in  the  season  and  consequently  often  escapes  periods 
of  drought  that  injure  spring-seeded  crops.  For  this  reason  it  is  a 
more  dependable  crop  than  uie  spring  grains,  though  its  yield  does 
not  compare  favorably  with  theirs  in  years  of  high  production. 

The  vields  of  flax  at  these  stations  have  not  &en  high.  Flax  has 
generally  been  grown  as  a  sod  crop  on  new  breaking,  and  when  so 
grown  has  given  poor  yields.  Flax  on  old  ground  or  upon  land 
broken  the  previous  summer  has  given  better  results,  but  even  then 
has  not  been  so  good  as  other  grain  crops.  It  is  particularly  adapted 
as  a  cash  crop  and  where  a  long  haul  to  market  is  necessary.  Its  high 
price  in  proportion  to  its  bulk  makes  it  a  valuable  crop  under  such 
conditions,  even  though  its  weight  per  acre  is  relatively  less  than  that 
of  other  grains.  The  chief  value  of  flax  lies  in  its  use  as  a  specu- 
lative crop  on  new  land. 

The  recommended  varieties  of  the  different  crops  are:  Winter 
wheat,  Kharkof,  Turkey :  spring  wheat,  Kubanka,  Ceres,  Marquis; 
oats,  Gopher,  Brunker,  Sixty-Day;  barley.  White  Smyrna,  Horn, 
Odessa;  and  flax,  Linota,  Bison. 

Sow  spring  wheat,  oats,  and  barley  as  early  as  the  land  can  be  put 
in  condition.  Barley  responds  to  early  seeding  as  much  as  wheat 
or  oats  do.  Sow  flax  from  April  15  to  May  1.  Sow  winter  grains 
during  the  last  half  of  September  or  the  first  part  of  October. 

The  best  rates  of  seeding  are :  Spring  wheat.  4  pecks  per  acre ;  oats 
and  barley,  5  to  6  pecks  per  acre;  winter  wneat,  3  to  4  pecks  per 
acre;  and  flax,  20  to  30  pounds  per  acre. 
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CULTIVATED  CROPS 

The  cultivated  crop  grown  most  generally  in  western  South  Da- 
kota is  corn.  There  are  varieties  that  will  ripen  in  all  parts  of  this 
section.  A  vield  of  grain  cannot  be  obtained  every  year,  but  a 
yield  of  fodder  is  fairly  certain.  Sorgo  is  the  only  other  crop  likely 
to  compete  with  corn  as  a  coarse-feed  crop  in  this  section.  Table  1 
shows  that  corn  has  produced  a  good  crop  of  grain  in  about  half  the 
years  at  each  station.  At  Ardraore  there  nas  &en  some  crop,  at  least 
of  stover,  every  year,  but  at  Newell  there  was  complete  lailure  in 
1911  and  failure  under  most  methods  in  1919.  In  both  years  the 
ground  was  so  dry  at  corn-planting  time  that  the  seed  dia  not  ger- 
minate.   For  the  same  reason  sorgo  failed  in  those  years  at  Newell. 

The  greatest  value  of  corn  as  a  dry-land  crop  is  in  its  ability  to 
produce  a  fair  yield  of  stover  even  in  dry  years.  Corn  fits  in  admira- 
oly  with  livestock  raising  and  can  be  depended  upon  to  produce 
winter  feed  for  stock  in  most  years  so  dry  that  the  growth  of  grass 
on  the  prairie  is  scant  and  little  hay  can  be  cut.  In  addition,  com 
produces  a  fairly  ^ood  yield  of  grain  in  more  favorable  years.  The 
combined  value  of  the  grain  and  stover  tends  to  make  it  the  most 
profitable  dry-land  crop  in  this  area.  As  the  number  of  stock  in 
the  section  increases  and  the  area  in  which  hay  can  be  cut  becomes 
smaller,  farmers  will  be  more  and  more  dependent  for  their  winter 
feed  upon  crops  like  corn  that  produce  a  large  yield  of  rough  feed 
per  acre. 

The  adaptation  of  com  varies  with  the  type  of  soil.  In  general, 
yields  have  been  higher  and  more  certain  on  lighter  soils  than  on 
soils  of  heavy  types  uke  those  at  the  two  stations. 

Sorgo  produces  a  higher  yield  of  stover  per  acre  than  com  over 
most  of  western  South  DaKota,  and  the  stover  is  more  palatable. 
The  combined  value  of  the  grain  and  stover  of  corn  is  greater  than 
the  stover  value  of  sorgo.  This,  together  with  the  fact  that  corn  is 
easier  to  produce,  makes  it  seem  certain  that  corn  will  continue  to  be 
the  leading  cultivated  crop.  However,  in  a  considerable  number  of 
years  when  the  yield  of  ear  corn  was  low  at  both  stations,  the  yield  of 
sorgo  was  proportionately  greater  than  in  more  favorable  years. 
A  portion  of  the  com  acreage  could  well  be  replaced  by  sorgo  as  an 
insurance  against  failure  of  the  feed  crop  in  unfavorable  years. 
Sorgo  fits  into  a  rotation  as  well  as  com  and  has  proved  valuable  as 
a  winter  feed  for  steers  as  well  as  for  horses  and  young  stock. 

The  varieties  of  corn  best  suited  to  western  South  Dakota  differ 
with  the  localities.  Near  the  northern  part  of  the  State  only  very 
early  corn  will  mature.  In  the  central  and  southern  portions  the 
earlier  dent  corns,  such  as  Northwestern  and  Payne  White,  have 
been  most  successful.  In  many  places  some  unnamed  varieties  have 
been  grown  in  restricted  localities  for  a  number  of  years.  In  most 
cases  adapted  acclimated  varieties  like  these  are  as  valuable  as  the 
standard  varieties  that  are  more  widely  known. 

Only  the  sweet  sorghums  are  adapted  for  growth  as  far  north  as 
South  Dakota.  Minnesota  Amber,  Dakota  -Ajnber,  and  Red  Amber 
are  the  most  promising  varieties. 
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I  PASTURE  AND  HAT  CROPS 

The  principal  pasture  in  western  South  Dakota  is  the  native  sod. 
The  cultivatea  crop  most  extensively  used  is  alfalfa.  This  has  proved 
valuable  for  hog  pasture^  though  under  even  the  best  systems  of 
pasturing  there  may  be  tmies  in  the  summer  when  it  produces  no 
feed.  Crested  wheatgrass  and  bromegrass  have  possibilities  as  early 
pasture.  Both  make  a  very  early  growth  and  can  be  pastured  heavily 
before  native  grasses  are  well  started.  Both  cease  growth  and  become 
hard  and  woody  during  the  summer.  Their  greatest  value  lies  in 
their  ability  to  produce  a  large  amount  of  early  pasture.  A  small 
acreage  of  either  could  be  used  to  supplement  the  native  pasture.  At 
Ardmore  crested  wheatgrass  has  shown  a  higher  carrying  capacity 
than  bromegrass. 

Alfalfa  is  the  principal  cultivated  hay  crop,  though  bromegrass 
and  crested  wheatgrass  oflfer  possibilities.  Their  yield  of  feed  per 
acre  is  much  less  than  that  of  corn  and  similar  crops,  but  there  is  an 
advantage  in  that  they  do  not  need  to  be  planted  each  year.  Alfalfa 
at  least  will  endure  for  an  indefinite  number  of  years.  It  will  pro- 
duce a  cutting  practically  every  year,  though  the  growth  may  orten 
be  checked  by  drought  before  the  alfalfa  comes  into  bloom-  In  some 
Tears  two  cuttings  and  occasionally  three  cuttings  will  be  obtained. 

Alfalfa  is  particularly  adapted  for  growth  along  streams  or  on 
bottom  lands  where  the  ground  water  is  within  reach  of  the  roots. 
Under  conditions  like  these  it  will  make  two  or  three  cuttings  each 
rear.  Bromegrass  and  crested  wheatgrass  produce  one  cutting  of 
nay  in  most  years.  Even  under  the  best  conditions,  however,  these 
crops  will  not  exceed  alfalfa  in  average  production. 

In  addition  to  its  value  as  a  forage  crop,  alfalfa  often  has  great 
value  as  a  seed  crop.  In  years  when  seed  production  is  good,  the 
value  of  the  seed  is  usually  far  greater  than  that  of  the  forage. 

The  ability  of  alfalfa  to  produce  seed  depends  to  a  great  extent 
ujx)n  the  type  of  soil  upon  which  it  is  grown.  On  the  heavy  clay 
soils,  like  that  at  Newell,  alfalfa  seldom  produces  seed  after  it  has 
once  been  established,  even  when  grown  in  cultivated  rows.  The 
plant  generallv  becins  to  suffer  from  drought  before  it  comes  into 
full  bloom  and  littfe  seed  is  formed.  On  lighter  soils  alfalfa  suffers 
less  severely  from  drought  and  produces  seed  in  most  years  if  it  is 
grown  in  cultivated  rows  or  broadcast  with  a  very  thin  stand.  Cul- 
ture in  rows  is  the  surest  method  of  producing  seed,  but  the  expense 
of  cultivation  somewhat  reduces  the  profit  under  this  method.  Prac- 
tically the  same  forage  yield  is  secured  from  alfalfa  in  cultivated 
rows  and  from  that  sown  broadcast. 

Where'  ground  water  is  within  reach  of  the  roots  a  seed  crop  is 
obtained  nearly  every  year,  and  there  is  no  advantage  in  growing 
alfalfa  in  cultivated  rows.  Either  the  first  or  the  second  cutting 
may  be  left  for  seed. 

Except  where  the  ground  water  can  be  reached  by  the  roots, 
alfalfa-seed  production  is  not  sufficiently  certain  to  become  a  part  or 
any  definite  farming  system.  However,  on  the  lighter  soils  of 
western  South  Dakota  a  certain  part  of  the  land  can  very  advan- 
tageously be  planted  to  alfalfa.    In  years  of  good  seed  production  the 
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alfalfa  can  be  saved  for  seed.     In  years  when  it  seems  appar- 
ent that  little  seed  will  be  formed,  the  crop  can  be  cut  for  hay. 

The  variegated  alfalfas— Grimm,  Baltic,  and  Cossack— have 
shown  slightly  better  yields  and  greater  hardiness  than  common 
alfalfa. 

CULTURAL  METHODS 

The  number  of  tillage  operations  required  in  preparing  the  land 
for  a  crop  diflFers  a  great  deal  with  different  cultural  methods.  The 
times  at  which  the  labor  must  be  performed  likewise  differ.  The 
tillage  operations  involved  in  each  method  of  cultivation  and  the 
time  at  which  they  may  best  be  performed  are : 

Spring  plowing  for  all  small  grain  should  be  done  as  early  as 
weather  conditions  will  permit.  Plowing  to  a  depth  of  4  to  6 
inches  is  advisable.  The  land  should  be  disked  before  it  has  a  chance 
to  diT  out,  and  harrowed  at  least  once  after  plowing.  Spring  plow- 
ing for  com  may  be  delayed  until  after  small  grains  are  seeded. 

Fall  plowing  may  be  done  any  time  after  harvest.  From  5  to  8 
inches  is  a  good  depth.  As  the  land  is  usually  dry  in  the  fall, 
it  is  best  to  leave  it  rough  until  spring.  A  double  disking  and  a 
harrowing  in  the  spring  are  all  the  preparation  necessary  before 
seeding  small  ^ains.  Where  a  later-seeded  crop  is  to  be  planted, 
additional  cultivation  may  be  required  to  keep  the  land  free  from 
weeds  until  seeding.  Fall  plowing  provides  a  better  distribution  of 
labor  than  spring  plowing. 

Disking  without  plowing,  at  both  stations,  has  been  practiced  only 
for  small  grains.  On  land  where  an  intertilled  crop  has  been  grown, 
double  disking  and  sometimes  harrowing  are  all  the  preparation 
required  before  seeding. 

Listing  for  small  grains  may  be  done  any  time  after  harv^est.  The 
lister  should  be  run  a  little  deeper  than  for  planting  corn,  and  the 
furrows  should  be  about  the  same  distance  apart  as  for  corn.  The 
land  may  be  left  rough  over  winter  and  worked  down  level  in  the 
spring.  Normally,  two  diskings  and  a  harrowing  are  required.  List- 
ing for  corn  is  usualljr  done  with  a  lister  planter.  No  cultivation 
before  planting  is  required  if  corn  is  planted  in  this  manner. 

Subsoiling  is  done  at  the  same  time  as  fall  plowing.  The  land  is 
plowed  with  an  ordinary  plow  to  a  depth  of  8  inches,  and  a  subsoil 
plow  is  run  in  alternate  furrows  to  an  additional  depth  of  8  inches. 
As  the  time  and  labor  necessary  for  plowing  with  the  subsoil  plow 
are  at  least  as  great  as  for  original  plowing,  the  cost  of  the  whole 
operation  is  practically  that  of  two  plowings.  The  spring  cultivation 
needed  for  subsoiled  land  is  the  same  as  tor  land  given  an  ordinary 
fall  plowing. 

Land  to  be  summer-fallowed  should  be  plowed  about  8  inches  deep 
during  the  latter  part  of  May.  It  may  be  given  a  light  harrowing 
immediately  after  plowing,  or  it  may  be  left  rough  until  weeds  com- 
mence to  grow.  It  should  be  cultivated  often  enough  to  keep  it 
clean.  The  use  of  some  implement,  such  as  the  duckfoot  cultivator, 
that  destroys  weeds  but  leaves  the  ^ound  in  a  lumpy  condition  is 
desirable.  The  lumpy  condition  facilitates  the  penetration  of  water 
and  protects  against  soil  blowing.  Usually  three  cultivations  keep 
the  land  free  irom  weeds  during  the  entire  summer,  though  the 
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number  required  to  do  this  diflfers  with  the  season.  Timeliness  is 
very  important,  since  weeds  are  more  easily  destroyed  when  they 
are  small.  Fallow  requires  the  use  of  the  land  for  2  years  to  produce 
one  crop  and  consequently  is  expensive.  This  operates  against  its 
use  where  land  is  hign  priced  or  acreages  are  limited. 

Green  manuring  is  the  most  expensive  method  that  has  been  tried. 
It  involves  the  preparation  of  land  for  the  green-manure  crop,  the 
cost  of  seed  and  seeding,  the  plowing  under  of  the  green-manure 
crop,  and  keeping  the  land  free  from  weeds  the  rest  of  the  season. 
Usually  2  plowings,  at  least  2  diskings,  and  2  or  more  harrowings 
are  required.  The  loss  of  the  land  lor  a  year  is  also  an  item  of 
expense  in  preparing  land  by  this  method. 

SMALL  GRAINS 

Results  at  both  stations  indicate  clearly  that  the  most  profitable 
crops  of  grain  are  produced  by  the  cheaper  methods  of  soil  prepara- 
tion. Grain  on  disked  comland  or  on  disked  land  where  some  other 
cultivated  crop  has  been  grown  has  shown  the  highest  net  return 
under  any  method  of  soil  preparation  that  has  been  tried.  This  is  due 
largely  to  the  low  cost  of  production,  but  partly  to  the  fact  that  disked 
cultivated  land  has  generally  produced  yields  above  the  average.  The 
yields  of  wheat,  oats,  and  barley  on  disked  comland  have  been  higher 
than  the  yields  of  the  same  crops  on  spring-plowed  or  fall-plowed 
comland.  It  must  be  borne  in  mind  that  the  corn  ground  had  been 
kept  free  from  weeds.  If  weeds  had  been  allowed  to  grow,  the  results 
probably  would  not  have  been  so  favorable.  If  the  corn  ground  is 
kept  clean,  producing  grain  on  the  disked  cornland  is  by  far  the  most 
profitable  method  that  has  been  tested. 

Spring  plowing  and  fall  plowing  are  about  equally  desirable  as 
methods  oi  land  preparation  for  gram.  Practically  the  same  amount 
of  labor  is  necessary  in  preparing  a  seed  bed  under  each  method, 
and  when  seeding  is  done  at  the  same  time  the  yields  produced  are 
nearly  the  same.  Fall  plowing  can  be  done  at  a  time  when  work  is 
not  so  pressing  and  has  an  advantage  over  spring  plowing  in  that 
respect.  Since  seeding  can  be  started  as  early  as  plowmg,  fall- 
plowed  land  can  be  seeded  earlier  than  land  that  must  be  plowed 
in  the  spring.  This  fact  becomes  most  important  in  seasons  when 
unfavorable  weather  conditions  hinder  spring  work,  and  provides  a 
decided  advantage  for  fall  plowing,  because  early  seeded  crops  ma- 
ture earlier  and  as  a  result  often  escape  periods  of  drought  that 
injure  later  seeded  crops.  However,  the  land  is  usually  dry  after 
hardest,  and,  unless  there  are  fall  rains,  the  soil  may  be  so  hard  and 
dry  that  the  cost  of  fall  plowing  is  prohibitive.  When  this  is  the 
case  plowing  in  the  early  spring  assures  returns  as  good  as  if  the 
land  had  been  plowed  in  the  fall,  if  seeding  is  not  unduly  delayed. 
Grain  on  early  fall  plowing  generally  makes  a  better  early  start  than 
^rrain  on  spring  plowing^  but  in  years  of  drought  this  frequently  is 
responsible  for  earlier  firing  of  the  grain  on  fall-plowed  land. 

Where  land  is  cheap,  disKing  in  one  crop  of  small  grain  on  grain 
stubble  is  frequently  advisable.  Disking  in  grain  continuously  for  a 
number  of  years  results  almost  inevitably  in  a  great  increase  in  the 
number  of  weeds  and  a  consequent  reduction  in  yield. 
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Plowing  IS  more  expensive  than  disking  in  preparing  land  for 
grains.  When  small  grain  follows  com,  better  crops  are  obtained 
by  disking.  In  the  sections  of  western  South  Dakota  where  grain 
growing  is  most  successful  and  where  the  quantity  of  ^rain  to  be 
grown  greatly  exceeds  the  area  of  cultivated  crops,  plowmg  part  of 
the  grain  stuoble  for  grain  is  recommended.  The  use  of  power  in 
farming  and  the  consequent  increase  in  the  cultivated  acreage  have 
generally  increased  the  proportion  of  grain  that  must  be  planted 
following  Ri^^* 

The  yields  of  small  grain  on  listed  land  compare  favorably  with 
those  on  plowed  land.  The  cost  of  producing  a  crop  on  listed  land 
is  slightly  lower,  and  the  net  return  is  a  little  higher.  The  difference 
in  return  is  not  great  enough  to  justify  the  purchase  of  any  special 
equipment  for  growing  grain  on  listed  land.  Noxious  weeds  appear 
to  become  established  on  listed  land  more  readily  than  imder  other 
methods  of  cultivation,  and  no  doubt  would  eventually  cut  yields 
down. 

Summer-fallowing  has  not  increased  the  total  yield  of  crops,  but 
its  use  has  resulted  in  a  better  distribution  of  yield  among  years. 
When  machinery  was  horse  drawn,  the  fallow  was  not  aavocated 
because  of  its  greater  expense.  Power  farming  has  brought  about 
two  changes  that  tend  to  make  fallowing  more  practicable.  ITie 
first  is  the  material  reduction  in  the  cost  of  keeping  land  fallow.  The 
second  is  the  fact  that  greater  acreages  can  be  handled,  and  the 
proportion  of  grain  to  livestock  has  Income  higher.  Fallow  has  a 
place  in  the  cropping  system  on  many  farms  as  a  possible  insurance 
against  failure  and  as  a  method  of  controlling  weeds.  It  cannot  be 
used  profitably  on  farms  where  a  large  number  of  livestock  are  car- 
ried. It  is  of  value  on  farms  where  grain  growing  is  the  chief  enter- 
prise and  where,  without  fallow,  a  large  percentage  of  the  grain 
acreage  would  follow  grain.  Fallow^f  used,  should  replace  a  por- 
tion of  the  grain  following  grain.  When  so  used,  fallow  tends  to 
stabilize  production,  as  is  shown  in  the  results  at  the  two  stations. 

At  the  station  at  Newell  there  were  2  years  from  1909  to  1930  in 
which  wheat  under  all  methods  of  tillage  was  a  total  failure  because 
of  drought.  There  were  only  2  other  years  in  22  in  which  the  yield 
on  fallow  fell  below  10  bushels  per  aci-e,  but  wheat  after  wheat  fell 
below  10  bushels  8  times.  Oats  on  fallow  fell  below  20  bushels 
in  only  4  out  of  22  years.  Oats  following  oats  yielded  less  than  20 
bushels  in  8  of  the  22  years.  Barley  yielded  less  than  15  bushels  5 
times  on  fallow  and  9  times  on  continuous  cropping. 

At  Ardmore,  excluding  the  2  years  when  the  entire  crop  was 
destroyed  by  hail,  there  was  only  1  year  from  1913  to  1930  in  which 
the  yield  of  wheat  on  fallow  fell  below  10  bushels  per  acre.  During 
the  same  period  wheat  after  wheat  fell  below  10  bushels  per  acre  in 
9  of  the  16  years.  Oats  on  fallow  fell  below  20  bushels  per  acre  in 
2  of  the  16  years.  Oats  after  oats  yielded  less  than  20  bushels  in 
9  of  the  16  years.  Barley  on  fallow  fell  below  15  bushels  per  acre 
in  3  of  the  16  years.  Barley  after  barley  produced  yields  of  less 
than  15  bushels  in  8  of  the  16  years.  All  of  the  low  yields  of  barley 
on  fallow  occurred  before  the  White  Smyrna  barley  was  grown  in 
the  rotations. 
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The  greater  benefit  from  fallow  at  Ardmore  apparently  lies  in 
the  fact  that  the  soil  at  Newell  is  shallow  and  not  capable  ox  holding 
as  much  water  as  the  soil  at  Ardmore.  It  is  believed  that  the 
re^[>onse  to  fallow  on  soils  readily  p^ietrated  by  moisture  and  roots 
to  a  depth  of  at  least  4  feet  would  be  as  great  in  the  section  repre- 
sented by  Newell  as  at  Ardmore. 

The  use  of  green-manure  crops  has  not  been  profitable  in  grain 
production  and  is  not  recommenaed  for  any  section  of  South  Dakota. 
The  yields  have  generally  been  lower  than  those  on  fallowed  land, 
and  the  cost  of  production  has  been  higher. 

Subsoiling  and  deep  tillage  have  neither  increased  nor  decreased 
yields  to  a  measurable  extent.  They  have  added  greatly  to  the  cost 
of  production  without  adding  to  the  value  of  the  crop,  and  have  been 
less  successful  than  other  methods  of  cultivation.  The  same  labor 
distributed  over  more  acres  would  be  more  profitable. 

CULTIVATBD  CROPS 

Spring  plowing  and  fall  plowing  have  given  about  equal  results 
as  methods  of  soil  preparation  for  corn.  Fall  plowing  requires  a 
little  more  cultivation,  oecause  some  spring  cultivation  is  necessary 
in  order  to  keep  the  land  clean  until  the  com  is  planted.  It  has  a 
slight  advantage  in  that  the  corn  usually  comes  up  a  little  sooner 
and  matures  just  a  little  earlier.  There  is  no  great  difference  in 
yields,  and  the  comland  may  be  plowed  at  any  time  before  planting 
without  the  yield  being  materially  affected. 

Listing  for  corn  has  given  lower  yields  than  either  spring  plowing 
or  fall  plowing  at  both  Ardmore  and  Newell.  The  lower  cost  of 
land  preparation,  however,  makes  the  net  profit  per  acre  nearly  as 
high.  In  spite  of  this,  listing  is  not  likely  to  meet  with  favor  in 
the  heavier  soils  of  western  South  Dakota.  The  tendency  of  the  soil 
to  crust  after  heavy  rains  sometimes  results  in  a  loss  of  stands  on 
listed  land.  In  all  cases  the  com  comes  up  a  little  more  slowly  and 
matures  a  little  later  than  on  plowed  land.  For  this  reason  it  does 
not  usually  suffer  so  early  from  drought  as  under  other  methods  of 
cultivation,  but  is  less  productive  in  good  years.  In  lighter  soils 
listing  is  proportionately  more  effective  than  on  heavy  soils  and  is 
as  profitable  or  more  profitable  tiian  plowing  for  corn. 

The  more  intensive  methods  of  tillage  have  shown  less  response 
with  corn  than  with  small  grains. 

Fall  plowing  has  been  superior  to  spring  plowing  as  a  method 
of  land  preparation  for  sor^o.  The  difference  has  been  largely  due 
to  the  stana  obtained.  Spring-plowed  land  of  the  heavy  clay  type 
cannot  always  be  worked  down  to  form  a  good  seed  bea  for  sorgo, 
because  of  its  tendency  to  remain  lumpy  until  mellowed  by  rains. 
In  seasons  that  are  dry  between  plowing  and  planting  time,  the  fine 
seed  bed  necessary  to  give  a  gooa  stand  of  sorgo  cannot  be  obtained. 

HAY  CROPS 

Hay  crops,  such  as  alfalfa,  bromegrass,  and  crested  wheatgrass, 
are  not  adapted  for  use  in  rotations.  They  should  be  seeded  in  spring 
or  early  summer  on  land  plowed  in  the  fall,  worked  down  to  form 
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a  solid  seed  bed  in  spring,  and  kept  free  from  weeds  until  seeding. 
After  a  stand  of  these  crops  has  been  obtained,  they  should  remain 
intact  so  long  as  the  production  remains  good.  Bromegrass  may  be 
pastured  to  good  advantage  for  several  years  after  it  becomes  so 
sod  bound  that  it  no  longer  produces  a  profitable  yield  of  hay. 
Crops  following  alfalfa  and  bromegrass  are  usually  poor,  on  ac- 
count of  the  extremely  dry  condition  in  which  the  soil  is  left. 

THE  BEST  SYSTEM   OF  FARMING 

The  system  of  farming  that  offers  the  greatest  possibility  of  a 
permanent  agriculture  for  western  South  Dakota  combines  crop 
production  with  the  raising  of  livestock.  The  more  certain  crops, 
such  as  corn  stover  and  sorgo,  cannot  be  grown  with  profit  unless 
fed  near  where  they  are  produced.  Their  bulky  nature  prevents 
long  hauls,  and  their  sale  price  is  far  below  their  feeding  value. 
The  production  of  livestock  alone  is  likewise  subject  to  limitations, 
the  most  important  being  the  question  of  winter  feed.  In  dry  years 
the  growth  of  grass  on  the  Great  Plains  is  scant,  larger  acreage 
is  needed  for  pasture,  and  the  quantity  of  hay  that  can  be  cut  is 
limited.  The  best  way  to  meet  this  condition  is  to  grow  some  annual 
crop,  such  as  corn  or  sorgo,  that  produces  a  comparatively  large  bulk 
of  rough  feed  per  acre. 

The  system  of  farming  that  suggests  itself  is  as  follows:  (1)  The 
production  of  livestock  up  to  the  limit  of  dry-year  pasture,  (2)  the 
planting  of  an  acreage  of  com  sufficient  to  meet  the  winter  demands 
of  the  stock  to  be  carried  over,  and  (3)  the  production  of  small 
grain  on  the  cornland. 

The  principal  limit  of  livestock  production  for  any  one  farmer  is 
the  area  of  pasture  land  he  has  left  after  an  acreage  sufficient  for 
growing  crops  has  been  set  aside.  The  number  of  livestock  to  be 
kept  should  be  limited  by  the  extent  of  pasture  available  in  a  dry 
year  rather  than  that  available  in  a  favorable  .season.  It  is  better  to 
underirraze  land  in  good  seasons  than  to  overgraze  it  in  years  of 
drought.  The  carrying  capacity  of  different  sections  differs  with  the 
native  vegetation.  The  carrying  capacity  of  any  particular  section 
must  be  determined  through  observation  and  experience. 

Corn  stover  offers  a  solution  of  the  question  of  winter  feed.  Com 
and  sorgo  can  practically  be  relied  upon  to  furnish  the  rough  feed 
each  vear.  Ear  corn  is  produced  in  payinc  quantities  in  more  than 
half  t^e  vears  and  when  obtained  can  well  oe  utilized  either  for  feed 
or  for  sale.  Since  com  grows  well  on  either  spring  or  fall  plowing, 
the  work  preparatory  to  planting  can  be  done  at  the  time  when  it 
interferes  least  with  other  farm  work.   The  acreage  of  com  and  sorgo 

Eown  should  be  sufficient  to  insure  winter  feed  for  the  livestock  to- 
carried  over.  The  acreage  should  be  fixed  by  the  Quantity  neces- 
sarv  for  winter  feed  in  years  when  the  production  oi  stover  is  not 
high.  In  years  of  extra  heavy  production  the  excess  feed  can  be 
carrieil  over  or  the  number  of  ^ock  increased  for  winter  feeding. 

Small  grains  can  be  grown  in  connection  with  livestock  fanning 
with  the  chances  of  success  very  good  and  the  chance  of  total  failure 
low.  The  corn  ground  provides  one  of  the  best>prepared  seed  beds  for 
small  grains,  one  on  which  they  can  be  grown  at  a  very  low  cost. 
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The  land  planted  to  corn  one  year  may  be  planted  to  small  grain  the 
next  without  expense  other  than  for  the  seed  and  for  diskmc,  har- 
rowing, and  seeding.  In  some  years  when  it  seems  apparent  that  no 
grain  will  be  pr^uced,  the  small-grain  crops  may  be  cut  for 
hay  and  will  provide  a  supplemental  supply  of  winter  feed.  This 
makes  the  grain  crops  valuable  even  in  seasons  when  their  production 
for  grain  is  a  failure.  As  has  been  stated,  the  corn  should  be  kept 
clean.  The  cost  of  keeping  the  com  free  from  weeds  is  more  than 
made  up  in  the  added  value  of  the  crop  that  follows.  The  kind  of 
small  grain  to  be  raised  must  depend  upon  the  needs  of  the  indi- 
vidual farmer. 

With  modifications  this  system  of  farming  should  be  adapted  to 
any  part  of  western  South  Dakota.  In  most  parts  of  western  South 
Dakota  the  acreage  of  small  grains  may  exceed  that  of  corn.  The 
extra  acreage  of  small  grains  will  then  be  grown  on  spring-plowed, 
fall-plowed,  or  disked  grain  land.  The  disking  is  advocated  for 
heavy  land  where  the  cost  of  plowing  is  great.  Even  such  land 
would  not  be  disked  unless  it  were  relatively  free  from  weeds.  When 
the  land  to  be  seeded  to  small  grains  is  more  than  double  that  planted 
to  a  cultivated  crop,  enough  of  the  small-grain  acreage  may  be  re- 
placed by  fallow  so  that  small  grain  will  not  follow  small  grain 
more  than  one  year.  Replacing  a  portion  of  the  grain  acreage  with 
fallow  offers  a  better  distribution  of  yield  among  years,  a  better 
distribution  of  labor^  and  a  more  effective  control  of  weeds. 

Under  highly  efficient  mana^ment  grain  production  alone,  on  an 
extensive  scale  and  by  mechanized  agriculture,  offers  a  possibility  of 
success.  Fallow  is  an  integral  part  of  such  a  system  of  farming  in 
western  South  Dakota.  The  general  plan  for  such  a  system  would 
be  to  have  a  third  of  the  acreage  in  fallow,  a  third  in  grain  on 
fallow,  and  a  third  in  CTain  seeded  in  disked  stubble.  The  fallow 
would  be  plowed  in  May  or  early  June^  worked  only  enough  to 
control  weeds,  and  ridged  in  the  fall  at  rignt  angles  to  the  prevailing 
winds  to  prevent  soil  blowing. 

The  climatic  records  cover  a  much  longer  period  than  those  of 
crop  production.  They  show  that  years  of  such  extreme  conditions 
as  those  of  1911  are  very  infrequent.  Such  years,  as  well  as  those 
of  less  extreme  conditions  like  those  of  1919,  may  be  provided  against 
in  part  by  a  liberal  carry-over  of  surplus  teed  from  years  of  heavy 
production.  They  must  be  met  in  part  by  the  importation  of  feed 
and  in  part  by  tne  temporary  reduction  of  herds  and  flocks.  The 
essential  thing  is  that  farms  must  be  backed  by  sufficient  capital  so 
that  they  can  stand  the  strain  of  such  reverses  and  continue  as  going 
concerns  prepared  to  obtain  the  returns  of  the  good  and  the  average 
years. 
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YOUR  FARM  LEASE— 

WAS  ITS  FULL  MEANING  understood  before  it 
was  signed? 

Is  it  so  written  that  its  meaning  will  be  clear  at  any 
later  time? 

Is  it  fair  to  both  parties? 

Does  it  give  the  tenant  a  reasonable  opportunity 
to  make  a  comforfable  living  and  to  get  ahead? 

Does  it  require  proper  and  conservative  care  of 
the  premises  leased? 

Are  all  desired  resCTvations  to  the  lease  made? 

Are  the  things  stated  which  each  party  is  to  do  and 
to  contribute? 

Does  it  make  clear  the  rights  and  privileges  of 
each  party? 

Does  it  define  the  relationship  between  landlord 
and  tenant  and  provide  for  the  settlementof  differ- 
ences of  opinion? 

Does  it  contain  a  statement  of  the  procedure  to  be 
followed  when  the  relationship  of  landlord  and  ten- 
ant is  to  be  terminated? 

Does  it  contain  the  following  essentials  to  a  legally 
complete  lease? 

1.  The  date  it  was  made. 

2.  The  names  and  the  final  signatures  of  the  con- 
tracting parties. 

3.  The  period  for  which  the  lease  is  to  run. 

4.  A  description  of  the  property  leased. 

5.  An  agreement  in  respect  to  the  amount  of  rent 
to  be  paid  and  the  time  when  and  the  place  where  it 
is  to  be  paid. 
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IBO>ORTANCE  OF  CONTRACT. 

THE  IMPOETANCE  of  the  subject  of  this  bulletin  is  indicated 
by  the  fact  that  37  per  cent  of  all  farms  in  the  United  Stated 
were  operated  by  tenants  in  1910,  while  9.3  per  cent  were  operated  by 
owners  renting  additional  land.  Part  or  all  of  the  land  and  im- 
provements of  about  3,000,000  farms  was  rented.  Since  the  great 
majority  of  lease  contracts  are  for  one  year,  and  since  the  average 
period  which  the  tenant  remains  on  a  farm  is  about  thfee  years,  it 
is  probable  that  each  year  about  2,000,000  lease  contracts  must  be 
made  or  renewed. 

Some  students  of  the  land  question  believe  that  even  in  an  ideal 
system  of  land  tenure  a  considerable  proportion  of  tenancy  would  be 
desirable  provided  that  the  relationship  of  landlord  and  tenant  were 
such  as  would  insure  good  farming,  the  conservation  of  the  soil,  a 
fair  division  of  the  product,  and  a  progressive  community  life  of 
which  the  tenant  is  an  essential  part. 

It  is  too  much  to'  expect  that  such  a  desirable  relationship  can  be 
established  merely  by  improvement  of  the  lease  contract,  but  it  must 
be  admitted  that  since  the  lease  agreement  is  the  basis  of  the  rela^ 
tionsliip  between  landowner  and  tenant,  a  careful  consideration  of 
its  terms  may  have  much  to  do  with  promoting  harmony  and  mutual 
satisfaction,  lengthening  the  period  of  occupancy,  and  improving 
the  methods  of  farming  rented  land. 

Throughout  the  United  States  the  terms  of  lease  contracts  vary  so 
much  in  accordance  with  diflferences  in  type  of  farming  and  other 
local  conditions  that  it  is  impossible  in  a  single  bulletin  to  furnish 
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detailed  instructions  that  will  apply  to  all  these  varied  conditions. 
The  discussion  of  the  leasing  system  suitable  for  a  given  type  of 
farming — such  as  dairy  farming,  grain  farming,  cotton  farming,  or 
fruit  farming — will  require  an  entire  bulletin. 

However,  there  are  many  considerations  common  to  all  leases,  no 
matter  what  the  type  of  farming.  The  object  of  the  present  bulletin 
is  to  discuss  some  of  these  common  considerations  and  particularly 
to  provide  a  list  of  points  that  may  need  to  be  considered  in  the 
making  of  a  satisfactory  lease  contract.  It  has  been  the  experi- 
ence of  many  farmers  that  in  the  making  of  such  a  contract  one 
is  likely  to  overlook  or  omit  some  essential  points  unless  he  has  avail- 
able memoranda  to  remind  him  of  all  the  matters  that  should  be 
considered. 

THE  PRINCIPAL  KINDS  OF  LEASE  CONTRACTS. 

The  majority  of  farm  leases  fall  into  a  few  main  classes  according 
to  the  method  of  rent  payment,  namely,  cash,  standing  rent,  share, 
share-cash,  and  stock  share. 

In  cash  renting  the  landlord  furnishes  only  the  real  estate,  usually 
paying  taxes  and  at  least  the  money  costs  of  upkeep.  The  tenant 
furnishes  working  capital,  bears  all  operating  expenses,  and  receives 
all  the  .income  after  paying  a  fixed  amount  of  cash  as  rent.  The 
landlord  does  not  assume  any  of  the  risks  of  farm  operation,  and 
usually  undertakes  no  responsibility  for  management  except  such 
supervision  as  may  be  necessary  to  see  that  the  land  and  improve- 
ments are  not  abused.  Obviously  the  system  may  prove  advantage- 
ous to  a  landlord  who,  for  any  reason,  can  not  give  much  attention 
to  the  business  of  farming,  and  it  may  be  preferred  by  the  tenant 
who  has  sufficient  capital  and  experience  to  operate  without  assistance 
from  the  landlord  and  who  does  not  wish  to  share  the  profits  of 
superior  management  with  another. 

Standing  rent — sometimes  called  "lint  rent" — is  a  modified  form 
of  cash  rent.  The  tenant  agrees  to  pay  so  many  bushels  of  grain  or 
so  many  bales  of  ginned  cotton  for  the  use  of  the  farm.  The  land- 
lord gets  the  same  amount  no  matter  how  large  or  how  small  the  crop. 
Consequently  he  is  freed  from  the  risk  of  loss  due  tQ  bad  seasons 
or  bad  management  and,  therefore,  from  the  necessity  of  assuming 
responsibility  for  the  management  of  the  farm.  Unlike  true  cash 
rent,  however,  the  actual  rent  received  by  the  landlord  in  the  system 
of  standing  rent  is  subject  to  variation  due  to  changes  in  the  prices 
of  the  products  received  as  rent. 

In  share  renting  the  landlord  receives  a  share  or  fraction  of  all 
or  of  certain  crops  and  sometimes  also  of  live-stock  products  and 
increase  of  live  stock.    More  generally  than  in  renting  for  cash  or 
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for  a  standing  rent,  he  also  pays  some  of  the  expenses  of  produo 
tion.  There  are  numerous  variations  in  different  parts  of  the  coun- 
try and  with  different  types  of  farming  with  regard  to  the  contribu- 
tions and  receipts  of  the  respective  parties.  Because  of  the  greater 
complexity  of  the  share-renting  contract  and  also  because  the  system 
of  share  renting  is  more  generally  employed  in  the  United  States 
than  any  other  system  of  renting,  such  contracts  being  twice  as 
numerous  as  those  for  cash  renting  and  renting  for  a  fixed  amount 
of  the  crop  combined,  more  attention  is  devoted  to  it  in  this  bulletin 
than  to  other  forms  of  renting. 

One  of  the  chief  reasons  for  the  popularity  of  the  share-rent 
system  among  landlords  is  the  greater  control  which  this  system 
gives  them  over  their  farms,  as  compared  with  the  cash-rent  system. 
Another  reason  is  that  the  landlord  stands  to  realize  every  y^ar  a 
rental  which  is  directly  proportionate  to  the  production  and  prices 
of  the  year.  His  profit  being  proportionate  to  the  success  with 
which  the  farm  is  worked,  it  behooves  him  to  give  more  freely  of 
his  experience  and  capital  toward  its  improvement  and  proper  man- 
agement than  he  would  do  if  the  place  were  worked  by  a  cash  tenant. 
Tenants  who  have  little  capital  and  experience  can  often  do  no  better 
while  acquiring  these  advantages  than  to  take  a  farm  on  shares  from 
an  experienced  landlord  who  is  prepared  to  supply  a  part  of  the 
working  capital,  to  exercise  a  considerable  amount  of  supervision, 
and  to  share  the  risks  of  the  business.  On  the  other  hand,  if  the 
farm  is  unusually  small  or  infertile,  the  tenant  may  find  it  un- 
profitaWe  to  rent  at  the  customary  share  and  decline  to  work  the 
place  except  on  a  cash-rent  basis. 

Stock  share  renting  is  a  form  of  share  renting  in  which  the  land- 
lord and  tenant  share  the  ownership  of  all  or  part  of  the  productive 
live  stock,  usually  half-and-half,  sharing  the  expenses  and  receipts 
in  the  same  proportion.  The  general  advantages  and  disadvantages 
of  the  system  for  each  party  are  somewhat  similar  to  those  in  ordi- 
nary share  renting.  Stock  share  renting  fosters  general  live-stock 
fanning  and  encourages  the  utilization  on  the  farm  of  f eedable  grains 
and  other  crops.  It  usually  results  in  a  close  association  of  the  land- 
lord with  the  business  and  often  approximates  the  character  of  a 
business  partnership. 

Another  modified  form  of  share  renting  is  the  share  cash  system. 
Usually  this  consists  of  sharing  the  more  important  crops,  but  the 
tenant  pays  cash  rent  for  pasture  or  occasionally  for  buildings,  use 
of  garden,  or  other  special  advantages.  Usually  the  system  is  superior 
to  the  share  system  proper  in  that  the  landlord,  because  of  the  cash 
rent  feature,  is  more  willing  that  the  tenant  should  increase  the 
acreage  in  pasture  and  consequently  engage  in  live-stock  farming  to 
a  greater  extent  than  would  be  the  case  if  the  landlord  received 
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only  a  share  of  the  crops  and  nothing  for  use  of  pasture.  In  some 
cases  the  cash  rent,  or  a  part  of  it,  is  in  the  nature  of  a  bonus  paid 
in  addition  to  the  usual  share  rent^  because  of  a  marked  increase  in 
the  annual  value  of  the  farm. 

A  form  of  share  renting  commonly  known  as  '"  cropping ''  or  the 
"  cropper  system  "  in  cotton  and  tobacco  producing  regions,  super- 
ficially resembles  the  system  of  share  renting  already  described  in 
that  the  cropper  pays  the  landlord  a  shai*e  of  the  crop.  However, 
the  cropper  usually  contributes  nothing  but  human  labor  to  the  en- 
terprise, and  under  the  laws  of  a  number  of  States  is  considered  a 
laborer  rather  than  a  tenant.  The  majority  of  croppers  are  subject 
to  supervi^on  by  the  landlord  and  are  dependent  on  him  not  only  for 
the  capital  needed  for  putting  in  the  crop,  but  also  for  living  ex- 
penses while  the  crop  is  being  produced. 

Because  the  landlord  assumes  a  greater  amount  of  the  risk,  and 
usually  a  greater  amount  of  responsibility  for  supervision  under  the 
various  forms  of  share  leasing,  he  should  receive  a  somewhat  larger 
net  return  per  acre  than  under  cash  leases.  Belief  that  this  is  the 
case  has  been  confirmed  by  most  of  the  farm  income  surveys  that 
have  been  made. 

POINTS  TO  BE  CONSIDERED  IN  THE  FARM  LEASE. 

The  following  is  a  list  of  points  that  may  need  to  be  considered  in 
the  making  of  the  farm  lease.  While  it  does  not  cover  all  possible 
points,  it  does  contain  the  more  common  and  the  more  important 
considerations.  Since  cash  renting  is  much  simpler  than  renting 
on  shares,  there  are  many  points  in  the  list  which  do  not  apply  to 
cash  leases. 

I. 

GENSRAL  DSTAILS. 

1.  Date  lease  is  made. 

2.  Names  and  formal  designations  of  landlord  and  tenant 

3.  Number  of  years  lease  is  to  run  and  dates  of  beginning  aiui  ending. 

4.  Statement  of  manner  by  which  the  lease  is  to  be  terminated  or  renewed. 

5.  Brief  description  of  the  real  estate  leased,  including  name  of  farm, 
boundaries,  and  location  with  respect  to  State,  coimty,  township,  and  section. 

6.  Description  of  other  property  included  with  the  real  estate  in  the  lease. 

II. 
RESERVATIONS. 

1.  Right  of  entry  by  the  landlord  for  puriK>se  of  in£q[)ectii|g  buildings  and  other 
improvements,  crops,  and  live  stock,  for  making  repaihs  and  Improvements, 
for  work  In  connection  with  crops  of  the  following  harvest  and  fc>r  other 
purposes. 
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2.  Beflenratton  bj  the  landlord  of  parts  of  Ixuildittgs,  granary  space,  corn 
cril>s,  mow  space,  and  any  other  portkm  of  the  real  estate  the  ose  of  which  It 
is  agreed  he  shall  reserve. 

3.  Reservations  and  restrictions  with  respect  to  the  use  of  pasture,  fmit, 
woods,  timber,  sand  pits,  gravel  beds,  fish,  and  game. 

4.  Reser\'ation  of  the  right  to  decide  or  direct  farming  operations. 

&  Reservation  of  Che  rigbt  to  buy  or  sell  Mve  slock,  crops,  prodnce,  or 
supplies  for  farm  use. 

6.  Limitations  on  the  kind,  amount,  or  value  of  property  which  may  be 
bought  or  sold  without  informing  the  landlord  and  getting  his  consent. 

7.  Designation  of  a  bank  In  which  uiidlvlded  funds  are  to  be  kept  or  de- 
posited, with  agreement  as  to  the  disposition  or  use  of  these  funds. 

8.  On  share  rented  farmn  a  statement  denying,  acknowledging,  or  limiting 
partnership  relatioh. 

9.  Reservation  of  the  right  to  seH  the  farm,  with  statement  of  adjustments  to 
be  made  in  case  of  sale. 

III. 

ASSURANCES  AND  GUARANTIES  BY  THE  TENANT. 

1.  To  operate  the  farm  in  a  good  and  farmerlike  manner. 

2.  Not  to  sublet  the  fkrm. 

3.  To  occupy  the  farm  continuously  throughout  the  lease  period. 

4.  Not  to  attempt  to  operate  outside  land  In  addition :  not  to  thrash  for  oat- 
siders  as  a  business  nor  to  give  preference  to  any  other  work  over  the  operation 
of  the  farm. 

5.  To  work  for  the  landlord  If  requested,  at  specified  rates,  when  not  engage<l 
In  work  on  the  farm. 

6L  To  commit  no  waste  or  damage,  and  suiter  none  to  be  committed ;  to  protect 
and  care  for  the  buildings,  fences,  trees,  and  other  property. 

7.  To  make  inventories  at  stated  periods  and  to  keep  records  of  farm  yields, 
acreage,  purchases,  sales,  breeding  of  live  stock,  and  to  give  the  landk)rd  access 
to  these  records. 

8.  To  yield  peaceable  possession  at  the  termination  of  the  lease. 

9.  Not  to  bring  on  the  premises  mortgaged  property  that  may  have  the  effect 
of  Impairing  the  landlord's  lien. 

IV. 

ASSURANCES  AND  GUARANTIES  BY   THE  LANDLORD. 

L  To  make  concessions  with  respect  to  rent  and  other  obligations  of  the  tenant 
hi  the  event  of  disaster  to  the  farm  operations  as  the  result  of  fire,  flood,  drought, 
pestileDce,  or  other  conditions  over  which  the  tenant  has  no  control. 

2.  To  provide  peaceable  possession,  or  to  protect  the  tenant*B  Interests.  In 
event  of  litigation  or  seizure  of  the  landlord's  title  by  a  mortgagee  or  other 
claimant. 

3.  To  release  to  the  tenant  the  residue  of  crops,  live  stock,  and  other  prod- 
ucts remaining  after  the  rent  or  rent  share  is  paid  and  the  landlord's  lien 
satisfied. 

V. 

AGREEMENTS  WITH  RESPECT  TO  CREDIT,  FURNISHED  BY  TH& 

LANDLORD. 

1.  Terms  on  which  the  landlord  is  to  make  advances  of  money  or  supplies  to 
^  the  tenant  for  the  purpose  of  operating  the  farm. 
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2.  Special  and  occasional  credits  to  make  possible  the  purchase  of  live  stock 
arid  feed,  or  with  respect  to  the  feeding  of  crops  to  live  stock. 

3.  Terms  of  loans  on  farm  Implements,  work  stock,  productive  stock,  or 
other  property  of  which  the  tenant  Is  to  be  the  nominal  owner  or  part  owner. 

VI. 

RESPECTIVE  CONTRIBUTIONS   BY   EACH   PARTY   TO   OPERATING 

CAPITAL. 

1.  General  farming  machinery,  running  gear,  small  tools,  and  harness,  with 
provision  for  replacement  and  repair.- 

2.  Special  farm  machinery  not  commonly  employed,  such  as  manure  spreader, 
lime  or  fertiliser  distributer,  spraying  outfit,  silage  cutter  and  engine,  milkingr 
machine,  gasoline  engine,  thrashing  machine,  tractor  and  tractor  equipment, 
with  provision  for  replacement  and  repair. 

3.  Horses  and  other  work  stock. 

4.  Productive  live  stock,  Including  cattle,  hogs,  sheep,  and  poultry. 

VII. 

ADJUSTMENTS  WITH  RESPECT  TO  PROPERTY  OWNED  IN  JOINT 

ACCOUNT. 

1.  Method  of  appraising  the  value  of  property  of  either  party  taken  over  for 
joint  account. 

2.  Method  of  dividing  property  Jointly  owned  at  termination  of  lease. 

3.  Settlement  for  undivided  crops,  products,  or  supplies  u.sed  by  the  tenant 
in  his  household,  for  his  horses  or  other  stock. 

VIII. 
RESPECTIVE  CONTRIBUTIONS   BY   EACH   PARTY  TO   EXPENSES. 

1.  CONTBTBTTTTONS  OF  LABOR  AND  SPECIAL  SERVTCES  ! 

(a)  Amount  of  labor  to  be  contributed  by  <?ach  party  to  general  farm  work. 
(&)  Special  arrangements  with  respect  to  the  employment  of  members  of  the 
tenant's  family. 

(c)  Arrangements  with  respect  to  extra  hired  labor  and  labor  engaged  In 
thrashing,  silo  filling,  baling,  shredding,  clover  hulling,  and  other  operations 
Involving  the  employment  of  machines  not  owned  by  the  tenant. 

(d)  Responsibility  of  the  respective  parties  with  regard  to  hauling  and 
delivery  of  crops,  milk,  and  other  farm  products,  hauling  supplies  for  farm 
nse,  hauling  tile,  sand,  lumber,  fencing,  and  other  materials  used  in  making 
farm  improvements. 

•  (e)  Furnishing  of  skilled  labor  or  unskilled  labor  employed  In  fendn^r, 
tiling,  repair  or  construction  of  buildings,  drilling  of  wells,  or  other  work  of 
farm  Improvement 

(/)  Contribution  of  labor  employed  in  mowing,  ginibbing  or  pulling  weeds  and 
brush,  cleaning  ditches  and  drainage  outlets. 

(O)  Contribution  of  labor  employed  In  keeping  up  fences  and  in  incidental 
patching  and  repairs  to  improvements. 

(h)  Arrangements  for  the  board  and  lodging  of  outside  labor,  particularly 
of  labor  employed  by  the  landlord  on  farm  Improvements. 

2.  Expenses  on  account  of  live  stock  : 

(a)  Use  of  feed  purchased  or  produced  on  the  farm.  What  stock  may  be 
fed  from  undivided  feed  and  what  stock  may  not  be  so  fed.  Limitations  on 
the  amount  of  undivided  feed  which  may  be  used  for  different  classes  of  stock 
or  on  the  number  of  stock  which  may  be  fed. 
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(6)  Breeding  and  veterinary  fees;  cow  testing,  registration,  and  exhibition 
fees;  live-stock  insurance;  liorseshoeing  and  other  incidental  expenses  in  con- 
nection wltli  productive  live  stock  or  work  stock. 

(c)  Sharing  of  losses  from  injury,  depreciation,  or  death  of  live  stock. 
3.  Other  expenses: 

(a)  For  seed,  including  grass,  clover,  alfalfa,  and  cover  crops,  general  farm 
crops  and  plants  used  in  the  raising  of  truck  crops,  small  fruits,  and  tobacco. 

(6)  For  setting  out  or  caring  for  fruit  and  ornamental  trees  and  hedges. 

(o)  For  barrels,  boxes,  crates,  bags,  bagging,  baskets,  cans,  and  other  con-, 
tainers. 

id)  Manure,  lime,  phosphates,  and  other  fertilizers. 

(e)  Spray  material  for  field  crops  and  fruit  trees,  material  for  treatment  of 
seed  and  inoculation  of  soil  for  legumes. 

(O  Machine  bills  for  thrashing,  ginning,  shredding,  baling,  silo  filling,  clover 
hulling,  and  com  shelling. 

{g)  For  coal,  gasoline,  and  oil  for  farm  use,  binder  twine. 

(h)  For  telephone. 

(i)  Storage,  freight,  buying,  and  marketing  costs. 

(/)  Insurance  on  farm  crops,  feed,  supplies,  and  implements. 

{k)  Taxes  on  property  other  than  real  estate,  water  assessments,  and  irriga- 
tion ditch  upkeep. 

(0  Real  estate  Insurance  and  taxes,  including  school  and  road  taxes. 

(lit)  Expenses  for  hiring  additional  pasture  and  other  land  outside  of  the 
regular  farm  area. 

IX. 

PAYMENT  OF  RENT. 

1.  Cash  rent  for  entire  farm  or  portions  thereof,  with  specifications  as  to 
amount,  time,  and  place  payable. 

2.  Rent  paj'able  in  terms  of  a  fixed  quantity  of  a  farm  product,  with  specifi- 
cations as  to  amount,  quality,  time,  and  place  payable. 

3.  Rent  share  of  the  various  farm  products  with  specifications  concerning 
time,  place,  method  of  division,  and  responsibility  of  tenant  for  delivery. 

4.  Specified  quantities  of  milk,  butter,  eggs,  firewood,  feed,  fruit,  and  other 
products  for  landlord's  household  use,  and  arrangements  with  respect  to  delivery 
of  the  same. 

X. 

PRIVILEGES  FOR  WHICH  SPECIAL  RENT  IS  OR  IS  NOT  TO  BE  PAID. 

1.  The  farmhouse,  habitation  for  laborers,  and  buildings  for  live  stock,  tools, 
and  crops  harvested. 

2.  Garden  spot  and  pasturage  for  limited  number  of  stock. 

3.  Use  of  small  areas  of  land  for  raising  special  forage  crops. 

4.  Use  of  fruit,  firewood,  milk,  eggs,  butter,  and  other  products  for  tenant's 
household,  or  for  laborers. 

5.  Use  of  undivided  grain,  hay,  or  other  crops  for  live  stock  kept  by  the  ten- 
ant for  his  personal  advantage. 

XI. 

SPECIFICATIONS  WITH  RESPECT  TO  THE  CARE,  USE,  AND  IMPROVE- 
MENT  OP  REAL  ESTATE  AND  ARRANGEMENT  FOR  LABOR  AND  MA- 
TERIALS USED  OR  NEEDED  FOR  THESE  PURPOSES. 

1-  Fruit,  shade  trees,  forest  trees,  and  down  timber. 
2.  Drains,  ditches,  bridges,  and  roads. 
97*— 20 2 
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3.  Time,  frequency,  and  manner  of  mowing  weeds  and  brush  in  pasture,  along 
roads  and  fence  rows,  and  about  buildings. 

4.  Windmill,  engine,  and  pumps. 

5.  Buildings,  fences,  and  gates. 

XII. 

SPECIFICATIONS  WITH   RESPECT  TO   FARMING   METHOD   AND 

PROCEDURE. 

1.  Specifications  as  to  acreage,  location,  and  rotation  of  various  crops. 

2.  Enumeration  of  crops  which  may  not  be  raised. 

3.  Special  regulations  with  resjiect  to  the  method  of  growing  ea  h  crop,  in- 
cluding the  details  with  respect  to  preparation  of  the  land,  time  and  manner 
of  planting,  kind  of  seed,  method  of  manuring  or  fertilization,  subsequent  care, 
harvesting,  storage,  and  marketing,  or  time  and  manner  of  division. 

4.  Limitations  or  restrictions  on  the  sale  or  removal  of  crops,  on  the  pasturage 
of  crops,  and  on  the  burning  or  removal  of  straw,  fodder,  manure,  etc. 

5.  Number*  and  kind  of  live  stock  to  be  kept  and  the  upper  and  lower  limits 
of  the  same. 

6.  Regulations  with  regard  to  the  number  of  stock  which  shall  be  allowed 
to  run  on  jjasture  and  times  when  pastures  may  or  may  not  be  used. 

7.  Provision  for  the  ringing  of  hogs  and  prohibition  of  the  keeping  of  breachy 
live  stock. 

Sptkitications  respecting  the  methods  of  farming  and  the  procedure  to  be 
followed  may  be  made  clearer  if,  in  making  them  a  part  of  the  lease,  they  are 
accompanied  by  a  map  of  the  farm.  Such  a  map  may  show  such  details  as  the 
use  made  of  the  land  in  past  years,  previous  rotation  systent,  present  use  of  the 
land,  rotation  to  be  followed  in  the  future,  the  drainage  system,  past  and  present 
policies  with  respect  to  clearing,  liming,  maimrlng,  and  fertilizing. 

XIII. 

PROVISION  FOR  SUPERVISION. 

1.  Provision  with  respect  to  kind  and  extent  of  supervision  for  which  each 
party  will  be  responsible. 

XIV. 

PROCEDURE  AT  TERMINATION  OF  LEASE. 

1.  Disposition  of  crops  growing,  unfe<l  or  unsold,  or  of  feed  and  supplies  re- 
maining on  hand. 

2.  Disposition  of  farming  equipment,  work  animals,  and  other  live  stock 
owned  on  joint  account. 

3.  Specification  of  number  of  acres  which  ^must  be  left  plowed,  seeded  down, 
planted  in  wheat  or  other  crops,  or  in  pasture. 

4.  Compensation  for  improvements  made  by  the  tenant,  including  construc- 
tion of  buildings  and  fences,  digging  of  wells,  drainage  work,  clearing  of  land, 
setting  out  trees  and  small  fruits,  planting  of  hops,  asparagus,  rhubarb,  or 
other  perennial  plants. 

5.  Compensation  for  unexhausted  additions  made  by  the  tenant  to  the  fer- 
tility of  the  soil. 

6.  Authority  for  removal  of  improvements  made  by  the  tenant  without 
assistance  or  comi>ensation  by  the  landlord,  such  as  fences,  hog  houses,  com 
cribs,  water  troughs. 

7.  Settlement  of  outstanding  indebtedness. 
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XV. 

ENFORCEMENT  OF  CONTRACT. 

1.  ProTlBlon  for  the  settlement  of  disputes  and  dlfTerences  of  opinion  by 
arbitration  or  otherwise. 

2.  Proviskm  for  falfillmeot  of  terms  of  the  contract  by  heirs,  executors,  ad- 
ministrators, or  assigns,  In  the  event  of  death  or  disability  of  one  or  both 
parties. 

3.  Conditions  that  will  constitute  a  forfeiture  of  the  lease,  and  methcKl  of 
determining  rights  of  landlord  and  of  tenant  in  the  event  of  termination  by 
forfrftnre. 

4.  Provision  for  penalty  to  be  paid  by  either  party  according  to  a  stated 
scale  in  the  event  of  failure  to  perform  certain  agreements  in  the  contract. 

5.  Right  of  the  owner  to  have  work  which  is  neglected  by  the  tenant  per- 
formed at  the  tenant's  expense. 

6.  Acknowledgment  of  the  existence  of  a  lien  to  secure  to  the  landlord  the 
payment  of  the  rent  and  the  performance  of  specified  agreements. 

XVI. 

FINAL  DETAILS. 

L  Signatures  of  the  parties  and  their  witnesses. 
2.  Sealing  and  recording. 

DISCUSSION  OF  PROBLEMS  COMMON  TO  ALL  KINDS  OF 

FARM  LEASES. 

FORM  OF  THE  LEASE. 

A  written  lease  is  more  satisfactory  than  a  verbal  one.  If  one  of 
the  pailies  should  die,  a  written  contract  protects  his  estate  from 
false  claims  by  the  other  party.  A  written  lease  is  likely  to  be  more 
carefully  considered  by  both  parties,  and  its  terms  defined  with 
greater  precision.  Moreover,  it  serves  as  a  memorandum  to  both 
parties,  so  that  the  actual  terms  of  the  contract  may  not  easily  be 
forgotten.  In  practically  all  of  the  States  the  statutes  provide  that 
t  lease  for  a  period  longer  than  that  specified  by  statute  (commonly 
three  years)  shall  be  considered  as  creating  only  an  estate  at  will, 
unless  the  contract  is  in  writing  and  unless  it  complies  with  the  re- 
quirements specified  with  regard  to  signatures,  witnesses,  or  other 
formalities. 

Standard  printed  forms  for  farm  lease  contracts  may  often  be 
obtained  from  printing  establishments,  stationers,  lawyers'  offices, 
and  banks.  Such  forms  usually  contain  insufficient  space  for  the 
nomerous  special  conditions  of  a  complicated  farm  lease.  How- 
ever, a  standard  lease  form  may  be  of  assistance  in  providing  legal 
terminology  and  such  legal  specifications  as  may  be  peculiar  to  the 
law  of  the  State.  It  is  desirable  that  the  landlord  and  tenant  agree 
on  the  terms  of  the  contract  and  then  prepare  a  lease  embodying  these 
agreements.    After  the  terms  of  the  lease  are  agreed  upon  an  at- 
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tomey  may  be  consulted,  if  desired,  to  aid  in  giving  the  correct 
legal  form.* 

The  legal  essentials  to  the  validity  of  a  lease  contract  are  defi- 
nite agreements  as  to  (a)  the  extent  and  bounds  of  the  property 
leased;  (h)  the  term  of  the  lease;  (c)  rate  of  rent,  together  with 
specifications  of  time  and  method  of  payment.  It  is  not  usually 
necessary  that  a  lease  contract  be  recorded  in  order  to  be  valid,  but 
recording  may  have  the  advantage  of  serving  notice  to  third  parties 
of  the  existence  of  the  contract.  However,  in  probably  a  majority  of 
the  States  the  physical  possession  of  the  property  by  the  tenant  is 
held  to  constitute  notice  to  third  parties  of  his  rights  in  the  property. 

DESIGNATION  OP  PARTIES. 

In  framing  any  legal  contract  it  is  important  to  designate  accu- 
rately the  respective  parties.  It  is  customary  to  use  the  terms  "  party 
of  the  first  part "  and  "  party  of  the  second  part "  to  designate  the 
respective  parties.  If  one  of  the  parties  comprises  more  than  one 
person,  the  expression  should  be  plural — as,  for  instance,  "  parties  of 
the  second  part."  In  order  to  shorten  and  simplify  the  contract  it 
may  be  well  to  define  the  meaning  of  these  expressions  at  the  begin- 
ning of  the  lease.    Such  a  definition  may  read  as  follows : 

Tins  agreement,  made  this  first  day  of  March,  1920,  between  John  Smith, 
party  of  the  first  part,  hereafter  called  "  the  landlord,"  and  Richard  Brown, 
party  of  the  second  part,  hereafter  called  **  the  tenant,"  witnesseth,  etc. 

LENGTH  OP  LEASE  PERIOD. 

One  of  the  most  important  questions  to  be  determined  is  the  proper 
length  of  the  lease  period.  In  the  United  States  farm  leases  have 
been  predominantly  of  short  duration,  the  majority  for  one  year. 
In  England  there  were  many  experiments  during  the  early  part  of 
the  nineteenth  century  with  leases  of  from  seven  to  twenty-one  years 
in  length,  and  Scotland  continues  to  be  a  country  of  long  leases. 
However,  it  has  become  customary  in  the  latter  country  to  modify 
the  long  lease  by  provisions  for  terminating  the  lease  at  certain 
definite  times  during  the  period  of  the  lease  by  giving  sufficient 
notice,  as,  for  instance,  at  the  end  of  the  second,  fourth,  or  sixth 
year.  In  England  long  leases  have  generally  given  place  to  the  one- 
year  lease  with  guaranty  of  compensation  for  improv^nents  in 
accordance  with  the  provisions  of  the  agricultural  holdings  acts. 

These  extensive  experiences  have  shown  clearly  the  advantages  and 
disadvantages  respectively  of  long  and  short  leases.  In  the  case  of 
long  leases  for  cash  rent  the  actual  cash  rental  value  of  the  land  may 
become  out  of  line  with  the  rent  specified  in  the  lease  on  account  of 

^In  the  following  discussions  forms  of  statement  for  various  kinds  of  clauses  tre 
included.  Howeyer,  these  are  for  illustration  and  it  is  not  adrlsed  that  they  be  rigidiT 
followed. 


Digiti 


zed  by  Google 


The  Farm  Lease  Conttact  13 

changes  in  prices  and  other  conditions.  Such  objection  to  long-term 
leases  is  overcome  in  part,  if  not  entirely,  when  the  rent  is  a  share  or 
a  fixed  amount  of  the  crop.  The  landlord  may  be  prevented  from 
taking  advantage  of  favorable  opportunities  to  sell  the  land  unless 
the  lease  contains  a  clause  permitting  sale.  Such  a  clause,  however, 
tends  to  nullify  the  long-term  character  of  the  lease  unless  accom- 
panied by  provisions  for  compensating  the  tenant  substantially  for 
termination  by  sale.  Experience  in  England  showed  that  tenants 
often  found  it  to  their  personal  advantage  to  use  the  land  to  its 
detriment  in  the  last  years  of  a  long  lease,  and  it  was  necessary  to 
introduce  clauses  carefully  restricting  the  method  of  farming  in  the 
last  years  of  the  contract.  Still  another  objection  to  the  long  lease 
is  that  while  it  is  binding  on  the  landlord,  it  may  have  but  slight 
binding  effect  on  the  tenant  who  has  little  property. 

The  long  lease  enables  the  tenant  to  imdertake  extensive  improve- 
ments such  as  liming  or  tiling,  and  to  engage  in  systems  of  rotation 
covering  a  considerable  period  of  years,  without  fearing  that  the 
fruits  of  his  labor  wUl  be  lost  through  the  termination  of  the  lease. 
However,  this  advantage  may  be  obtained  under  the  short  lease  when 
the  lease  contains  provisions  for  compensating  the  tenant  for  un- 
exhausted improvements  made  by  him. 

The  short  lease  has  great  advantages  for  both  parties  because  of 
its  elasticity.  We  live  in  a  country  of  rapid  changes,  and  it  is 
doubtful  if  any  considerable  number  either  of  landlords  or  of  tenants 
would  care  to  be  bound  by  lease  contracts  of  long  duration.  More- 
over, short  leases  do  not  necessarily  imply  short  tenures.  Such  sta- 
tistics as  are  now  available  appear  to  indicate  that  in  the  United 
States  tenants  under  one-year  leases  have  occupied  the  farms  leased 
for  a  greater  number  of  years  than  those  whose  leases  were  for  longer 
periods. 

In  fact,  there  is  even  greater  reason  in  the  United  States  than  in 
England  for  short  tenures.  Land  in  America  changes  owners  much 
more  frequently  than  land  in  England  does.  In  England  many 
landlords  have  only  a  life  estate  in  the  land  and  not  the  right  to 
sell.  England  is  predominantly  a  land  of  cash  renting,  while  in  the 
United  States  more  than  twice  as  many  farms  are  rented  on  shares 
as  for  cash.  Since  the  amount  of  the  landlord's  share  depends 
largely  on  the  efficiency  of  the  tenant  the  former  is  not  likely  to 
want  to  enter  into  a  contract  for  a  long  period  until  he  is  sure  of 
the  tenant's  efficiency.  Moreover,  because  of  the  comparatively 
intimate  relationship  that  usually  exists  between  landlord  and  tenant 
in  share  farming,  the  success  of  the  enterprise  depends  to  a  large 
extent  on  the  personalities  of  the  two  parties  and  on  their  ability 
to  work  together  harmoniously.  Many  of  the  yoimg  tenants  are 
compelled  at  first  to  rent  inferior  farms,  and  desire  to  retain  them 
only  until  they  can  obtain  better  ones. 
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For  these  reasons  it  is  probably  wise  to  start  with  a  one-year 
lease,  but  with  a  clause  providing  for  renewal.  Such  a  clause  for  a 
lease  terminating  March  1  may  read  as  follows: 

The  second  parties  shall  have  the  privilege  of  notifying  the  first  parties  in 
writing  on  or  before  the  first  day  of  September,  192 — ,  that  they  have  elected 
to  renew  this  lease  for  the  second  year,  and  such  election  shall  be  binding 
upon  the  first  parties  unless  they  notify  the  second  parties  In  writing  on  or 
before  October  1,  192 — ,  that  they  do  not  desire  a  renewal  of  this  lease  on 
their  part  If  the  lease  Is  renewed,  the  same  right  of  election  shall  aiH>ly  to 
the  year  192—. 

After  the  two  parties  have  become  thoroughly  acquainted  and  it 
has  become  clear  that  they  can  work  together  harmoniously  and 
effectively,  it  may  be  desirable  to  enter  into  a  lease  contract  of  suffi- 
cient length  to  enable  the  tenant  to  engage  in  systematic  farm  im- 
provement involving  the  investment  of  capital  and  labor  for  which 
an  immediate  return  will  not  be  forthcoming.  Some  of  the  disad- 
vantages of  the  lease  for  a  period  longer  than  one  year  may  be  over- 
come by  clauses  providing  penalties  for  nonfulfillment  of  contract 
and  for  annulment  of  contract  in  extreme  cases.  (See  pp.  16,  23.) 
Likewise  it  may  be  provided  that  either  party  may  dissolve  the  ar- 
rangement by  paying  compensation  to  the  other  party  to  an  amount 
specified  in  the  lease.  This  enables  either  party  to  escai>e  from  fid- 
fiUing  the  complete  period  of  the  lease  if  emergency  makes  it  desirable. 
Such  a  dissolution,  however,  should  not  be  permissible  except  at  the 
end  of  the  farm  year,  nor  should  it  be  permissible  except  on  the  ful- 
fillment of  those  contract  provisions  which  would  have  to  be  fulfilled 
at  the  termination  of  the  regular  period  of  the  lease,  such  as  compen- 
sation for  unexhausted  improv^nents  made  by  tenant  and  for  un- 
harvested  crops. 

Whether  the  lease  should  be  for  one  year  or  for  a  longer  period  is 
likely  to  be  determined  in  part  by  circumstances.  Thus,  when  the 
landlord  furnishes  all  the  operating  capital,  makes  all  tlie  improve- 
ments at  his  own  expense  and  provides  for  the  maintenance  of  fer- 
tility, there  may  be  little  reason  for  a  lease  running  longer  than  one 
year.  On  the  other  hand,  when  the  contract  calls  for  the  clearing  of 
land  by  the  tenant  in  return  for  the  free  use  of  it  or  for  use  at  a 
ncMuinal  rent,  a  lease  of  at  least  five  or  six  years  may  be  necessary. 
Similarly,  when  the  tenant  is  expected  to  plant  a  considerable  acreage 
in  fruit  or  in  perennial  crops,  a  term  of  several  years  may  be  desirable. 
In  fact,  any  lease  contract  which  requires  a  considerable  investment  of 
irremovable  capital  on  the  part  of  the  tenant  may  necessitate  either  a 
lease  of  considerable  duration  or  agreements  for  compensation  at 
termination  for  unexhausted  improvements  made  by  the  tenant.  It 
^ould  not  be  assumed,  however,  that  either  a  long  lease  or  provision 
of  compensation  for  unexhausted  improvements  will  alone  induce 
good  farming.    While  the  absence  of  both  arrangements  may  tend  to 
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discourage  an  efficient  tenant  from  pursuing  sound  methods  of  agri- 
culture, other  provisions  in  the  lease  may  be  necessary  to  compel  the 
inefficient  and  improvident  tenant  to  employ  such  methods.  Where 
such  is  the  case  specific  requirements  concerning  the  system  of  farm- 
ing should  be  accompanied  by  stipulations  permitting  careful  super- 
vision on  the  part  of  the  landlord. 

DATE  OP  BEGINNING. 

The  date  of  beginning  the  lease  year  differs  in  various  sections  of 
the  country,  but  is  usually  made  to  coincide  with  the  time  of  year 
when  the  more  important  crops  have  been  harvested  and  sold  and 
before  preparations  for  crops  of  the  following  harvest  begin.  In  the 
Com  Belt,  March  1  is  the  customary  date ;  in  the  South,  January  1 ; 
in  regions  where  winter  wheat  is  the  principal  crop,  August  1. 

DISAVOWAL  OF  PARTNERSHIP  RELATION. 

The  relationship  of  landlord  and  tenant  is  not  ordinarily  that  of 
a  partnership.  The  latter  involves  joint  liability  to  an  unlimited 
extent  for  all  debts  created  by  either  party  in  the  name  of  the  firm, 
equal  voice  in  the  management  of  the  business,  and  other  conditions 
not  characteristic  of  the  relation  of  landlord  and  tenant.  Because 
the  terms  of  many  lease  contracts,  especially  the  so-called  stock  share 
leases,  are  of  such  a  character  as  to  suggest  the  actual  relationship 
to  be  a  partnership,  it  is  sometimes  customary  to  include  a  clause 
in  the  lease  disavowing  the  partnership.  It  is  generally  held  by  the 
courts,  however,  that  parties  to  an  agreement  can  not  prevent  the 
creation  of  the  partnership  relation  and  its  consequent  bearing  with 
respect  to  third  parties,  provided  the  agreement  it^self  and  the  rela- 
tions between  the  parties  thereto  possess  the  elements  of  a  partner- 
ship. It  is  the  facts  that  govern  and  not  the  name  by  which  the 
parties  denominate  their  relationship,  so  far  as  concerns  the  rights 
of  third  parties.  However,  such  a  clause  may  clarify  the  respective 
obligations  of  the  parties  to  the  contract  with  reference  to  one 
another. 

A  clause  containing  such  a  disavowal  may  read  as  follows : 

Said  parties  to  this  lease  shall  foe  in  no  sense  partners.  Neither  shall  bind 
the  other  to  any  obligations  nor  incur  debts  for  the  payment  of  which  the  other 
party  might  be  liable  without  the  written  consent  of  tlmt  party. 

CONTINUANCE  OF  LEASE  AFTER  DEATH  OF  EITHER  PARTY. 

In  order  to  insure  the  continuance  of  the  contract  the  following 
ekuse  may  be  inserted : 

It  is  mntnally  agreed  by  and  between  the  parties  hereto  that  all  the  condi- 
tions and  obUgations  of  this  contract  shall  extend  to  and  be  obligatory  upon 
the  heirs,  successors,  executors,  administrators,  and  assigns  of  the  tenant  and 
open  the  heirs^  successors,  executors,  administrators,  and  assigns  of  the  owner. 
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PROCEDURE  IN  EVENT  OF  SALE. 

If  a  lease  is  but  for  one  year,  it  is  probably  unnecessarj'^  that  it 
contain  a  sale  clause,  but  in  case  of  a  lease  for  several  years  such  a 
clause  may  be  inserted.  The  following  will  illustrate  this  type  of 
clause : 

It  is  hereby  agreeil  that,  in  case  of  sale  of  said  premises  during  the  occupancy 
of  said  second  party,  and  in  case  the  purchaser  should  desire  possession,  said 
second  party  hereby  agrees  to  give  up  to  the  said  purchaser  said  premises  at 
once  on  payment  to  the  said  second  party  of  a  fair  and  reasonable  compensation 
for  such  surrender,  and  if  he  and  the  purchaser  can  not  agree  as  to  the  amount  of 
such  compensation  it  shall  be  left  to  three  disinterested  appraisers,  of  whom  said 
second  party  shall  choose  one,  the  purchaser  one,  and  the  two  so  chosen  shall 
choose  a  third  one.  Their  decision  shall  be  final  as  to  the  amount  to  be  paid 
by  the  purchaser  to  said  second  party. 

ASSIGNMENT  OF  LEASE. 

The  assignment  of  a  lease  contract  by  one  tenant  to  another  is  a 
matter  of  considerable  concern  to  the  landlord,  for  on  the  personal 
honesty  ahd  efficiency  of  the  tenant  may  depend  the  amount  of  rent 
(in  case  of  share  contracts),  the  security  of  the  rent  payment,  and 
the  care  of  the  property  intrusted  to  the  tenant.  Although  the  assign- 
ment of  a  lease  by  a  landlord  is  not  usually  a  matter  of  great  con- 
cern to  a  tenant,  it  is  as  well  to  include  in  the  contract  a  clause  for- 
bidding such  an  assignment  without  the  consent  of  both  parties,  as 
follows : 

Except  in  case  of  sale,  as  provided  above,  this  lease  shall  not  be  assigned  or 
transferred  to  anyone  unless  on  written  consent  of  both  parties,  and  no  one 
but  the  party  of  the  second  part,  his  family,  and  hired  help  shall  occupy  the 
premises  or  any  part  thereof  during  the  term  of  this  contract,  nor  shall  the 
premises  or  any  part  thereof  be  sublet  without  the  written  consent  of  the  first 
party. 

RIGHT   OF  ENTRY  AND  YIELDING  OF  PEACEABLE  POSSESSION. 

The  landlord  should  reserve  a  right  of  entry,  even  when  he  does 
not  participate  in  supervision  of  farm  operations.  Such  a  reserva- 
tion may  be  expressed  as  follows: 

The  landlord  reserves  the  privilege  of  going  upon  said  farm  at  any  time  and 
at  all  times  to  look  after  his  interests,  to  do  work  and  to  have  work  done,  either 
personally  or  by  agent,  employee  or  employees,  without  being  liable  in  damages. 

Assurance  of  peaceable  possession  at  termination  of  the  lease  may 
be  provided  for  as  follows : 

Tlie  second  party  covenants  and  agrees  with  the  first  party  that  at  the  ex- 
piration of  this  lease,  by  limitation  or  otherwise,  he  will  yield  up  possession  of 
said  premises  in  as  good  condition  as  they  are  at  the  beginning  of  this  lease, 
natural  wear  and  damage  excepted,  and  that  he  expressly  waives  any  and  aU 
notice  to  terminate,  except  as  herein  specifically  required,  and  upon  demand 
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of  the  first  party  will  pay  ten  dollars  for  each  day  the  premises  are  occupied 
after  sach  expiration  unless  the  written  consent  of  the  landlord  for  such  con- 
tinued occupancy  eball  have  been  given. 

PROVISIONS  FOR  CARB  OP  PRBMISBS. 

Whether  the  land  is  rented  for  cash  or  for  share  rent  the  landlord 
should  be  interested  in  insuring  the  care  and  preservation  of  his 
land  and  improvements.  Nothing  will  serve  to  accomplish  this  re- 
sult so  much  as  careful  supervision  by  the  landlord  or  his  representa- 
tive. However,  the  landlord's  position  may  be  strengthened  if 
provision  is  made  in  the  contract  requiring  the  tenant  to  take  proper 
care  of  the  property  intrusted  to  him.  Such  provisions  may  be  in 
general  terms  or  detailed.  If  the  latter,  there  may  be  great  differ- 
ences in  the  actual  provisions  according  to  the  special  circumstances 
and  terms  of  the  agreement. 

The  following  is  a  general  clause  which  provides  against  unneces- 
sary waste  or  damage : 

The  party  of  the  second  part,  the  tenant,  agrees  that  he  will  not  commit  or 
suffer  to  be  committed  any  waste,  damage,  or  strip  of  said  premises,  as,  for 
instance,  cutting  wires,  removing  sections  of  fence,  failing  to  oil  pumps  and 
windmills,  or  tearing  down  fences  for  purposes  not  required  In  the  ordinary 
course  of  fanning. 

If  the  tenant  is  expected  to  keep  buildings  and  fences  in  repair, 
as  is  generally  the  case,  a  clause  such  as  the  following  may  be 
written  into  the  lease : 

The  party  of  the  second  part  agrees  to  keep  the  buildings,  fences,  and  other 
improvements  on  said  premises  in  as  good  repair  and  condition  as  the  same 
are  when  he  takes  possession,  or  as  good  as  they  may  be  put  in  by  the  lessor 
(hiring  the  term  of  the  lease^  ordinary  wear,  loss  by  flre,  or  unavoidable 
destruction  excepted. 

Among  the  details  that  may  be  specified  with  respect  to  care  of 
the  premises,  are  to  keep  the  windmill  and  other  pumping  machinery 
properly  oiled  and  cared  for  and  to  repair  any  damage  to  such 
machinery,  except  when  damage  is  due  to  action  of  the  elements; 
to  take  proper  care  of  trees,  ornamental  vines  and  shrubbery  about 
the  buildings,  in  the  yard  and  garden,  and  to  prevent  injury  to  them ; 
to  cut  all  hedges  at  least  twice  each  season  and  to  bum  the  brush  if 
of  considerable  amount ;  to  keep  open  all  necessary  ditches ;  and  to 
keep  buildings  and  fences  in  good  repair.  Other  specifications  hav- 
ing to  do  with  the  care  of  the  farm  land  will  be  mentioned  in  the 
discussion  of  farming  specifications.     (See  p.  19.) 

REPAIRS  TO  BUILDINGS  AND  OTHER  FIXTURES. 

Which  of  the  two  parties  should  be  responsible  for  the  making  of 
repairs  will  depend  so  much  on  the  circumstances  of  the  case  that  it 
9f7«-_20 3 
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is  difficult  to  lay  down  a  rule  that  always  should  be  followed.  In 
general  it  may  be  said  that  the  tenant  should  repair  all  breakages 
and  damages  due  to  his  own  fault  or  to  the  special  ways  in  which 
he  uses  the  property.  On  the  other  hand,  such  repairs  as  would  be 
necessary,  even  if  the  property  were  not  in  use,  should  largely  be  at 
the  expense  of  the  landlord.  There  will  be  other  kinds  of  repairs 
between  the  two  classes  (o  which  both  parties  should  contribute. 

IMPROVBIIBNTS. 

The  making  of  improvements,  as  distinguishied  from  ordinarj^  re- 
pairs, is  supposed  to  add  to  the  value  of  the  farm,  and  the  greater 
part  of  the  expense  should  be  defrayed  by  the  landlord.  However, 
if  the  rent  is  not  raised  as  a  result  of  such  improvements  the  tenant 
will  also  benefit  from  them  provided  he  enjoys  sufficient  security  of 
tenure,  in  which  case  he  may  properly  be  expected  to  contribute  to- 
ward the  making  of  such  improvements.  The  general  practice  is 
for  the  landlord  to  furnish  all  materials  used,  together  with  all  skilled 
labor  employed,  and  for  the  tenant  to  do  necessary  hauling  of  ma- 
terials, to  board  the  skilled  laborers  and  to  furnish  occasional 
unskilled  labor.  If,  however,  the  tenant  is  called  upon  to  furnish 
any  unusual  amount  of  labor  on  the  improvements  or  to  furnish  such 
labor  at  a  time  when  it  is  needed  for  ordinary  farm  work  he  should 
be  repaid  for  such  labor  at  its  actual  cost  to  him.  Some  landlords 
agree  with  their  tenants  upon  a  wage  scale  to  be  followed  in  payment 
for  special  labor  contributed  by  the  tenant  on  the  improvement  of 
the  farm.  In  all  cases,  however,  the  tenant's  contribution  should  be 
determined  by  the  amount  of  benefit  he  may  be  expected  to  derive  as 
compared  with  benefits  accruing  to  the  landlord.  Sometimes,  as  in 
the  case  of  temporary  fences  constructed  under  a  cash  lease,  nearly 
all  of  the  benefit  is  to  the  tenant.  Interior  papering  and  decorating 
of  the  residence  may  largely  benefit  the  tenant,  and  some  landlords 
furnish  the  materials  for  such  work  if  the  tenant  is  willing  to  fur- 
nish the  labor  to  do  the  work  in  a  presentable  manner. 

INSURANCE. 

It  is  usually  the  custom  for  the  landlord  to  pay  the  expense  of  in- 
suring buildings.  Since  fire  insurance  contracts  may  become  invalid 
tiirough  failure  of  the  insured  party  to  protect  the  property  insured 
against  unnecessary  hazards,  it  may  be  necessary  for  the  landlord  to 
include  in  the  lease  cx>ntract  a  clause  such  as  the  following : 

The  party  of  the  second  part  covenants  and  agrees  not  to  do,  suffer  or  permit 
to  be  done  any  act  in  violation  of  any  provisions  of  any  policy  of  Insurance 
npon  any  of  the  crops,  buildings,  or  other  property  upon  seld  premises  or  wblch 
shall  increase  the  premium  thereon,  and  that  he  wiU  not  seU  or  allow  to  be  sold 
thereon  or  therefrom  any  goods  at  auction. 
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TAXBS. 

The  landlord  usually  assumes  the  responsibility  for  all  real  estate 
taxes,  both  in  cash  and  share  leases.  Occasionally,  however,  the 
tenant  agrees  to  work  out  the  road  tax.  Taxes  and  insurance  on 
operating  equipment,  live  stock,  and  other  property  are  usually  paid 
by  the  owner  of  such  capital,  being  shared  when  the  property  is 
jointly  owned. 

DESIGNATION  OF  PROPERTY  TO  BE  USED  BY  TENANT. 

Every  farm  lease,  whether  cash  or  share,  should  indicate  clearly 
what  property  is  to  be  used  by  the  tenant  and  what  is  to  be  reserved 
from  use.  Generally  it  is  easier  to  specify  the  property  reserved  from 
use.  All  the  property  not  so  specified  will  by  implication  be  subject  to 
use  by  the  tenant  under  the  contract  of  lease.  The  particular  items  of 
restriction  may  vary  from  farm  to  farm,  as,  for  instance,  in  the 
amount  of  use  the  tenant  may  make  of  standing  timber.  The  reser- 
vations may  include  such  items  as  use  of  fruit,  wood,  standing  timber, 
minerals  (in  the  case  of  a  long  lease),  fish  and  game,  gravel  beds,  sand 
pits,  certain  rooms  in  the  house,  portions  of  outbuildings,  etc. 

In  the  case  of  farms  or  estates  where  it  is  the  practice  to  rent  prin- 
cipally the  crop  land  to  t^iants  it  may  be  desirable  to  designate 
what  use  the  tenant  may  make  of  land  and  buildings  other  than  the 
crop  land.  Frequently  the  tenant  is  given  free  use  of  a  residence, 
a  garden  spot,  pasturage  for  a  limited  number  of  stock,  and,  where 
available,  the  privilege  of  obtaining  firewood  and  fruit. 

FARMING  SPECIFICATIONS. 

It  is  customary  to  include  in  farm  leases  a  clause  stipulating  that 
the  tenant  shall  "  well  and  faithfully  till  and  farm  tlu3  premises 
above  described  in  a  good  and  farmerlike  (or  husbandmanlike)  man- 
ner." Such  a  clause  requires  only  that  the  tenant  shall  not  violate 
the  conventional  standards  of  farming  prevailing  in  the  neighbor- 
hood, which  may  be  good  or  bad,  as  the  case  may  be. 

It  is  usually  desirable,  both  in  cash  and  share  leases,  that  more 
detailed  specifications  with  respect  to  the  method  of  farming  be  in- 
cluded. In  the  case  of  cash  leases  these  specifications  will  take  the 
form  principally  of  provisions  for  safeguarding  the  fertility  of  the 
Und.  In  share  contracts  the  landlord  is  vitally  interested  in  the 
annual  production  of  the  land  and  has  a  right  to  include  such  pro- 
visions as  may  be  necessary  to  insure  efficient  farming.  When  the 
landlord  finds  it  possible  to  devote  considerable  attention  to  super- 
vision, and  it  has  been  agreed  that  he  shall  exercise  this  supervision, 
detailed  farming  specifications  need  not  be  included  in  the  lease  con- 
tract    In  any  case  such  restrictions  should  not  unduly  fetter  the 
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tenant  so  that  he  is  handicapped  in  his  efforts  to  operate  the  farm 
efficiently. 

The  list  of  farming  specifications  is  sometimes  made  a  distinct  and 
separate  part  of  the  contract.  In  order  to  make  its  provisions  clear 
it  may  be  accompanied  by  a  map  of  the  farm,  showing  such  things 
as  the  proposed  field  system,  location  of  permanent  pasture  and 
woodland,  perennial  crops  not  to  be  plowed  up,  fields  to  which 
manure  is  to  be  applied  each  year,  drainage  ditches,  fences,  roads, 
and  other  essential  considerations. 

The  details  that  may  be  specified  are  so  numerous  and  vary  so 
largely,  according  to  the  individual  case,  that  it  is  impracticable  to 
discuss  them  fully  in  this  bulletin.  For  instance,  in  some  localities 
farm  practice  may  not  give  proper  recognition  to  the  fertility  lost 
by  the  burning  of  straw  stacks  and  com  stalks,  and  in  such  localities 
it  may  be  well  to  designate  that  the  straw  shall  be  spread  and  the 
com  stalks  rolled,  disked,  and  plowed  under.  All  leases  should  safe- 
guard the  fertility  of  the  farm  as  far  as  possible  by  providing  for  the 
utilization  by  live  stock  on  the  farm  of  a  reasonable  proportion  of 
the  feedable  crops  and  the  return  to  the  soil  of  the  manure,  straw, 
and  other  roughage.  A  landlord  leasing  land  to  a  tenant  who  lives 
and  keeps  his  live  stock  on  another  farm  should,  in  particular,  take 
precaution  to  secure  the  return  of  a  part  of  the  manure  if  the  straw, 
corn  stover,  or  other  roughage  is  removed  from  the  land  rented. 
The  lease  should  provide  against  trampling  of  fields  by  stock  in  the 
spring  or  in  muddy  weather,  and  prohibit  overgrazing  or  the  pas- 
turing of  unringed  hogs  or  breachy  cattle.  It  is  especially  important 
to  provide  that  noxious  weeds  shall  not  be  allowfed  to  go  to  seed  on 
the  premises  or  on  roads  or  lanes  adjacent  thereto. 

In  addition  to  these  safeguards  the  lease  may  specify  the  field 
and  rotation  systems  in  detail.  It  may  even  be  desirable  to  specify 
the  method  of  plowing,  as,  for  instance,  where  Mangiun  terraces 
must  be  maintained  to  prevent  erosion.  Sometimes  it  is  desirable 
to  specify  such  a  thing  as  the  method  of  thrashing,  to  prevent  the 
spread  of  weed  seeds,  and  to  reduce  waste  of  grain. 

COMPENSATION  FOR  IMPROVEMBNTS. 

As  pointed  out  above,  assurance  of  compensation  for  unexhausted 
improvements  is  essential  in  a  lease  granted  only  for  a  short  term 
of  years  if  the  tenant  is  to  be  expected  to  farm  conservatively  and  in 
a  way  that  will  increase  rather  than  decrease  the  fertility  of  the 
farm  and  the  value  of  the  improvements.  Compensation  for  im- 
provements has  been  required  by  law  in  England  for  many  years. 
In  the  United  States,  however,  it  has  not  been  extensively  practiced, 
and  consequently  in  this  country  we  lack  experience  in  determining 
values.    England  not  only  has  statutes  on  the  matter  but  she  has 
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well-developed  agencies  by  which  practice  in  determining  compensa- 
tion is  improved  and  standardized. 

Improvements  concerning  which  problems  of  compensation  may 
arise  may  be  classified  as  follows,  this  classification  being  based  on 
points  covered  by  the  English  agricultural  holding  acts : 

(1)  Buildings,  silos,  fences,  and  other  structures. 

(2)  Laying  down  of  permanent  pasture. 

(3)  Irrigation  systems. 

(4)  Making  or  improvement  of  roads  or  bridges. 

(5)  Making  or  improvement  of  watercourses,  ponds,  wells,  or  reservoirs, 
or  of  woite  for  tlie  application  of  water  power  or  for  supply  of  water  for  agri- 
cultural or  domestic  purposes. 

(C)  Making  or  removal  of  permanent  fences. 

(7)  Planting  orchards  or  fruit  bushes,  and  protecting  them. 

(8)  Reclaiming  waste  land  or  building  embankments  and  sluices  against 
floods. 

(9)  Drainage  of  land. 

(10)  Application  to  the  land  of  lime,  marl,  ground  rock  phosphate,  or  other 
fertilizers  which  will  result  in  a  residual  benefit  to  the  land  after  the  termina- 
tion of  the  lease. 

(11)  Consumption  on  the  farm  by  live  stock  of  feedstults  not  produced  on  the 
farm. 

(12)  Ck)nsuniption  on  the  farm  by  live  stock  of  fee<!stuffs  produceil  on  the 
farm. 

(13)  Laying  down  temporary  pasture  with  clover,  grass,  alfalfa,  and  other 
seeds,  sown  not  more  than  two  years  prior  to  the  termination  of  the  lease 
contract 

(14)  Plowing  and  preparation  of  land  for  seeding  or  seeding  of  crops  which 
will  be  harvested  after  the  termination  of  the  lease  contract 

In  this  country  in  special  cases  compensation  may  be  needed  in 
connection  with  the  leveling  of  land  for  irrigation  purposes  and  the 
terracing  of  land  for  the  purpose  of  minimizing  danger  from  soil 
erosion.  Compensation  may  also  be  of  importance  in  connection 
with  land-improvement  work,  such  as  removing  stone,  stumps,  brush, 
and  weeds.  Under  the  English  law  the  various  improvements  num- 
bered from  1  to  8  inclusive  are  subject  to  compulsory  compensation 
only  when  the  landlord  has  giveji  his  consent  to  the  making  of  the 
improvement.  For  drainage  improvements  (number  9)  the  tenant 
must  ffive  notice  to  the  landlord  not  less  than  two  nor  more  than 
three  months  before  the  work  is  to  begin.  During  this  period  the 
landlord  may  make  the  improvement  himself,  charging  the  tenant 
a  reasonable  rent  for  its  use  after  completion.  The  improvements 
nmnbered  10  to  13  inclusive  may  be  made  by  the  tenant  and  are 
subject  to  compulsory  compensation  without  giving  notice  to  the 
landlord. 

Number  14  is  not  contained  in  the  English  classification  because 
it  is  presumed  that  it  is  provided  for  in  the  lease.  As  a  matter  of 
fact,  there  are  two  ways  of  making  such  provision.    If  plowing  or 
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seeding  has  been  done  by  the  preceding  tenant,  the  new  tenant  may 
pay  the  reasonable  cost  for  the  work.  At  the  termination  of  the 
lease  the  new  tenant  should  be  paid  by  the  landlord  or  by  the  in- 
coming tenant  for  similar  work.  Another  method  is  for  each  tenant 
to  leave  as  much  plowed  or  seeded  land  as  was  taken  over  by  him 
at  the  beginning  of  his  tenancy.  This  method,  however,  is  likely  to 
be  less  satisfactory  than  tlie  method  first  mentioned. 

The  problem  of  determining  the  amount  of  compensation  to  be 
allowed  for  improvements  numbered  from  1  to  9,  inclusive,  is  not 
of  unusual  difficulty.  The  tenant  should  be  allowed  the  reasonable 
cost  of  making  the  improvement  less  any  depreciation  on  the  im- 
provement that  occurs  before  the  termination  of  the  lease  contract. 
Compensation  for  such  improvement  may  be  made  at  the  time  the 
improvement  is  completed,  or  may  await  the  termination  of  the 
lease.  Where  the  usefulness  of  an  improvement  is  likely  to  end 
before  the  tenant  leaves  the  farm  the  tenant  should  expect  no  com- 
pensation unless  he  leaves  the  farm  before  the  usefulness  of  the  im- 
provement has  ceased.  In  the  case  of  durable  improvements,  on  the 
other  hand,  usually  the  landlord  should  pay  for  the  improvement 
when  completed,  and  then  add  enough  to  the  annual  rent  to  cover  the 
interest  and  depreciation.  Where,  as  is  often  the  case  on  share- 
rented  farms,  an  improvement  is  of  equal  advantage  to  landlord  and 
tenant  the  landlord  should  bear  at  least  his  proportionate  share  of 
the  initial  cost,  compensating  the  tenant  for  his  interest  in  any  im- 
provement remaining  at  the  termination  of  their  share  relationship. 

The  compensation  to  be  allowed  for  the  residual  value  of  manure 
and  fertilizer  applied  to  the  farm  land  is  a  problem  of  considerable 
difficulty  because  of  the  lack  of  exact  knowledge  as  to  the  actual 
quantity  of  fertility  that  is  likely  to  remain  in  the  soil  under  varjnng 
conditions.  Frequently,  the  decision  may  be  satisfactorily  left  to 
arbitration  or  to  a  disinterested  third  party.  In  the  case  of  manure 
resulting  from  the  feeding  of  crops  which  have  been  produced  on 
the  farm  compensation  should  not  be  allowed  when  such  a  feeding 
policy  is  recognized  as  the  usual  practice  of  the  community.  Some- 
times, however,  it  pays  better  to  sell  crops  than  to  feed  them.  Where 
this  is  the  case  the  tenant,  in  order  to  encourage  him  to  feed  rather 
than  to  sell,  may  be  compensated  either  by  a  deduction  from  his  rent 
or  by  compensation  for  the  unexhausted  value  of  the  manure  applied 
to  the  soil. 

In  the  case  of  other  fertilizers  it  has  been  suggested  that  the  initial 
cost  (excluding  labor  of  application)  shall  be  reduced  for  each  year 
of  use  after  application  25  per  cent  for  ground  limestone ;  10  per  cent 
for  ground  raw  phosphates ;  and  for  soluble  fertilizers  such  as  steam 
bone  meal,  acid  phoshates,  and  potash  salts,  50  per  cent  the  first 
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year  and  75  per  cent  the  second  year.^  \Vliile  the  abore  percentages 
may  not  be  regarded  as  correct  for  all  conditions,  they  may  be  helpful 
to  landlords  and  tenants  in  arranging  terms  for  compensation. 

PROVISIONS  FOR  ENFORCEMENT. 

It  is  desirable  to  include  in  a  lease  clauses  providing  methods  for 
enforcing  the  contract.  Enforcement  clauses  may  deal  specifically 
with  (a)  the  performance  of  farm  work,  the  making  of  repairs  and 
other  duties  assumed  by  the  tenant ;  (b)  gross  damage  to  the  property 
rented  through  neglect  or  wilful  injury;  (c)  the  making  of  repairs, 
the  furnishing  of  capital,  the  supplying  live  stock  and  equipment, 
and  other  obligations  assumed  by  the  landlord;  (d)  the  payment  of 
rent.  The  first  of  these  considerations  is  especially  important  for  a 
share-rent  contract. 

A  clause  to  enforce  compensation  for  failure  to  perform  agreements 
on  the  part  of  the  tenant  or  for  damage  to  the  property  of  the  lessor 
may  read  as  follows : 

It  is  hereby  agre«l  that  Id  case  the  party  of  the  second  part  shaU  fall  to 
I«torm  hlB  agreements  or  any  of  them  herein  contained,  then  the  party 
of  the  first  part  shall  have  a  right  to  hire  any  person  or  persons  he  may  see 
fit  to  perform  the  agreements  of  the  aecond  party  and  all  expense  incident 
thereto  shall  l>e  charged  to  the  party  of  the  second  part  and  taken  out  of  hla 
share  or  Interest  in  the  property  owned  In  common.  It  Is  further  agreed  that 
in  case  of  gross  damage  to  the  property  herein  leased  through  neglect  or  will- 
ful injury  by  the  party  of  tlie  second  part,  the  party  of  tiie  first  part  slmll 
htre  a  right  to  terminate  the  agreement  and  lease;  but  the  exercise  of  such 
right  to  terminate  the  agreement  shall  not  impair  the  rlglit  of  the  party  of  the 
first  part  to  bring  action  to  collect  damages  for  such  injuries. 

In  many  States  a  lien  is  created  by  statute  which  provides  that  the 
landlord  shall  have  first  claim  on  the  tenant's  crops  grown  on  the 
leased  land  for  the  payment  of  rent  and  advances  made  by  him.  Ah 
stated  previously,  in  most  of  the  Southern  States  the  cropper  is  held 
to  be  a  laborer  and  not  a  tenant.  Consequently,  ownership  in  the  crop 
until  after  division  is  vested  in  the  landlord.  The  payment  of  rent 
is  often  secured  by  a  chattel  mortgage  on  the  tenant's  crops  or  on 
live  stock,  machinery,  and  implements.  Such  a  mortgage  is  some- 
times embodied  in  the  lease  contract,  but,  like  any  other  mortgage, 
should  be  executed  with  all  the  formalities  required  for  a  mortgtigo 
and  should  be  recorded  in  order  to  give  notice  to  third  persons  of 
the  rights  of  the  landlord  imder  the  mortgage. 

A  clause  providing  for  enforcing  the  landlord's  undertakings  and 
obligations  to  the  tenant  may  read  as  follows: 

It  is  hereby  agreed  that  in  case  of  failure  of  the  said  landlord  to  kirep  and 
perform  any  of  the  agreements  hereinbefore  mentioned   or   implied  the  said 

*  Pron  a  biU  t»  proride  f»r  compulsory  ooBpesflatioii  wliich  wmn  introduced  in  the  legis- 
lAtore  of  the  State  of  lUlnoiB,  bat  faUed  of  passage. 
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tenant  may  perform  the  agreement,  deducting  the  reasonable  expense  for  such 
performance  from  such  rent  as  may  be  or  shall  become  due,  and  in  case  the 
agr^ment  which  the  landlord  fails  to  perform  is  of  such  character  tliat  it  may 
not  be  performed  by  the  tenant  the  contract  shall,  at  the  option  of  the  said 
tenant  or  his  assigns,  be  forfeited. 

Provided,  further,  that  nothing  herein  mentioned  shall  impair  the  right  of 
the  tenant  to  bring  action  for  specific  performance  of  the  contract  or  for  saeh 
damages  as  tlie  said  tenant  may  have  suffered  through  failure  of  the  landlord 
to  perform  the  terms  of  tJie  agreement. 

It  may  be  mutually  agreed  that  any  legal  costs  and  expenses 
incurred  by  either  party  in  enforcing  the  terms  of  the  agreement 
shall  be  paid  by  the  other  party  to  the  action.  However,  in  several 
States  this  does  not  apply  to  attorneys'  fees,  and  in  any  case  the 
court  will  allow  only  such  fees  as  are  reasonable,  irrespective  of  what 
may  have  been  previously  agreed  ujxm. 

ADJUSTMENT  OF  DIFFERENCES. 

The  above  somewhat  strict  provisions  for  enforcing  the  terms 
of  the  contract  should  be  regarded  as  safeguards  to  be  applied  only 
in  last  resort.  Misunderstandings  and  litigation  between  landlord 
and  tenant  are  likely  to  be  very  expensive  to  both  parties.  So  far 
as  possible,  it  is  desirable  to  anticipate  points  of  conflict  and  provide 
for  them  when  the  contract  is  made*  for  at  that  time  both  parties 
are  anxious  to  agree.  If  both  parties  have  the  right  spirit,  any 
subsequent  unforeseen  difficulties  can  be  adjusted  by  mutual  agree- 
ment. However,  there  may  be  occasions  when  disputes  arise  which 
can  not  be  so  settled.  Provision  for  adjusting  such  disputes  may 
read  as  follows : 

If  the  parties  hereto  are  unable  to  agree  upon  any  matter  not  definitely 
determined  by  this  lease,  each  shall  choose  a  referee,  and  they  two  shall 
choose  a  third,  which  three  shall  make  a  decision,  and  their  decision  shall  be 
binding  upon  the  parties  hereto.  None  of  said  referees  shall  be  related  to 
either  party  or  have  any  interest  directly  or  indirectly,  personally  or  otherwise, 
in  the  questions  decided. 

SOME  SPECIAL  PROBLEMS  OF  SHARE  LEASES. 

In  an  earlier  part  of  this  bulletin  we  have  discussed  some  con- 
siderations common  to  all  leases  whether  cash  or  share.  In  the  share 
lease,  however,  the  relation  of  the  landlord  to  the  farm  is  so  much 
more  intimate  than  in  the  case  of  the  cash  lease  that  a  number  of 
problems  arise  which  are  not  encountered  in  cash  leases. 

RESTRICTIONS   ON   OUTSIDE  WORK   BY   TENANT. 

Since  the  rent  of  the  landlord  in  the  share  lease  vitally  dei>ends 
on  the  size  of  the  crop  the  landlord  needs  some  assurance  that  the 
tenant  will  not  neglect  the  farm  work  in  order  to  attend  to  outside 
interests.    Therefore  it  is  sometimes  the  practice  to  introduce  into 
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the  lease  a  clause  which  specifies  that  the  tenant  shall  not  farm 
other  land  and  that  he  shall  not  engage  in  other  kinds  of  work  that 
will  distract  his  attention  from  the  farm,  such  as  engaging  in  the 
business  of  thrashing  or  baling  hay  for  others.  Sometimes  it  is  not 
desirable  to  make  such  a  clause  too  rigid.  It  may  be  that  the  tenant 
can  economically  help  his  neighbors  thrash,  bale  hay,  or  put  up 
silage,  either  in  exchange  for  other  labor  or  for  cash  payment.  It 
may  even  be  desirable  for  the  tenant  to  farm  other  land  if  the 
original  farm  is  not  sufficiently  large  to  engage  all  of  his  time.  The 
restrictive  clause  should  be  drawn  according  to  these  special  cir- 
cumstances. 

SAFEGUARDS  WITH  RESPECT  TO  JOINT  EXPENDITURES  AND  SALES 
OF  JOINTLY  OWNED  PROPERTY. 

In  stock  share  leases  and  other  share  contracts  which  approxi- 
mate the  character  of  economic  partnership,  each  party  is  vitally  in- 
terested in  the  wisdom  and  honesty  with  which  expenditures  and  sales 
are  made.  It  may  be  that  the  landlord  has  so  great  confidence  in  the 
tenant^s  honesty  and  discretion  that  he  is  willing  to  trust  the  tenant 
to  transact  all  of  this  business.  On  the  other  hand,  if  the  tenant  is 
inexperienced  in  business  matters,  it  may  be  to  his  interest,  as  well  as 
to  that  of  the  landlord,  that  the  latter  make  all  purchases  and  sales 
for  the  joint  account.  Generally  speaking,  one  party  or  the  other 
should  be  designated  for  this  purpose ;  for  confusion  is  likely  to  arise 
where  both  are  buying  and  selling  without  mutual  consultation.  The 
two  parties  to  the  contract  should  have  a  definite  understanding  with 
respect  to  this  matter ;  otherwise,  it  may  be  a  fertile  source  of  disagree- 
ment. 

Since  there  are  numerous  minor  expenditures  about  which  it  is 
inconvenient  for  both  parties  to  consult  before  acting,  a  clause  reading 
as  follows  may  be  found  satisfactory : 

Bxpenditures  for  the  Joint  account  or  sale  of  Jointly  owned  materials,  live 
stock,  and  other  farm  property,  If  not  excee<ling  in  each  case  the  sum  of  $25, 
shall  be  made  by  the  lessee  without  consultation  with  the  lessor.  All  expendi- 
tures for  the  Joint  account  and  all  sales  of  Jointly  owned  property  in  excess  of 
$25  shall  be  made  only  on  the  mutual  consent  of  both  parties.  It  is  further 
agreed  that  whenever  an  expenditure  or  sale  is  made  on  Joint  account  the  party 
making  such  expenditure  or  sale  shall  furnish  the  other  party  satisfactory 
vouchers  or  receipts. 

Sometimes  it  is  found  desirable  to  require  that  all  business  for 
the  joint  account  shall  be  transacted  through  a  specified  bank,  e.  g. : 

All  Joint  business  in  the  way  of  payments  and  receipts  shall  be  transacted 
through  the Bank  of . 

When  the  joint  interests  of  the  two  parties  are  greatly  inter- 
mingled, as  is  likely  to  be  the  case  in  a  share-lease  contract  which 
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partakes  of  the  character  of  an  economic  partnership,  it  is  essential 
that  careful  records  be  kept  of  all  transactions,  and  it  is  desirable 
to  require  in  the  contract  itself  the  keeping  of  such  records.  The 
following  is  a  clause  providing  for  this  purpose : 

The  lessee  shall  keep  a  strict  financial  r(»ct>rd  of  the  farm  business,  which 
Includes  a  carefal  inventory  of  the  land,  equipment,  and  personal  property, 
excepting  household  goods,  and  a  complete  record  of  the  purchases  and  sales 
on  account  of  the  farm  business,  excepting  household  and  other  personal 
expenses  of  the  lessee. 

RESERVATION  OF  RIGHT  OF  SUPERVISION  BY  LANDLORD. 

In  the  case  of  many  share  contracts  the  tenant  is  a  young  man, 
who  will  benefit  by  the  advice  and  sui>ervision  of  the  landlord ;  and, 
in  order  to  avoid  misunderstanding,  it  may  be  desirable  to  insert  in 
the  contract  a  clause  which  will  provide  for  the  exercise  of  such 
supervision.    Such  a  clause  may  read  as  follows : 

The  party  of  the  second  part  shall  consult  the  party  of  the  first  part,  or  his 
representative,  about  all  matters  pertaining  to  said  farm,  including  the  fields 
to  l>e  planted,  the  plowing,  cultivation,  har\'estlng,  and  the  handling,  disposi- 
tion, and  sale  of  the  crops  and  other  products  and  stock  of  said  farm,  abiding 
by  the  decision  of  the  party  of  the  first  part  or  his  represejitative. 

AMOUNT  OF  RENT  AND  TIME  AND  METHOD  OF  PAYMENT. 

Great  care  should  be  used  in  defining  carefully  the  method  of  divid- 
ing the  products  of  the  farm.  It  should  be  clearly  indicated  whether 
the  division  is  to  be  made  before  certain  expenses  are  deducted  or 
after  such  deduction.  This  is  especially  important  in  the  case  of 
those  share  leases  which  are  approximately  economic  partnerships. 
It  should  also  be  carefully  stated  what  use  of  undivided  products 
may  be  made  by  each  party.  Often,  for  instance,  the  tenant  is 
allowed  milk,  eggs,  and  other  products  for  fjunily  use  out  of  the  joint 
product  of  the  fann.  In  some  instances,  also,  the  landlord  receives 
certain  things  for  family  use  out  of  the  undivided  product  How- 
ever, if  it  is  desired  to  make  an  accurate  and  careful  division,  it  is 
necessary  to  take  account  of  all  these  minor  it^ns,  and  in  this  case 
the  tenant  or  the  landlord  should  be  charged  for  all  jointly  owned 
products  used  by  him.  In  any  case  the  lease  should  make  clear  the 
rights  of  the  respective  parties  in  regard  to  these  matters. 

It  is  also  frequently  customary  to  allow  the  tenant  to  feed  work 
stock  from  imdivided  grain  or  hay  and  sometimes  to  feed  a  few  hogs 
in  like  manner.  Very  commonly  the  tenant  is  allowed  to  feed  poultry 
out  of  the  undivided  grain.  If  these  privileges  are  to  be  allowed, 
however,  the  contract  should  provide  definitely  the  maximum  number 
of  each  kind  of  stock  that  the  tenant  may  keep  in  this  manner.  A 
more  accurate  method  is  to  require  each  party  to  feed  all  private 
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stoek  out  of  his  share  or  to  charge  him  for  all  feed  used  out  of  un- 
divided property. 

When  the  share  lease  applies  only  to  crops,  and  not  to  live  stock, 
it  is  frequently  customary  to  charge  the  tenant  cash  rent  for  the 
use  of  pasture,  since  the  landlord  receives  no  benefit  from  this  use. 
Somedmes  a  small  amount  of  pasture  may  be  allowed  free  as  a 
q^ecial  inducement  to  the  tenant,  or  it  may  be  balanced  by  some 
special  advantage  to  the  landlord  in  the  division  of  the  crops.  How- 
ever, when  the  lease  applies  both  to  stock  and  crops  both  parties 
benefit  from  the  use  of  the  pasture  and  no  arrangement  for  pasture 
rent  is  necessary. 

The  time  of  division  or  payment  of  rent  should  be  carefully  in- 
dicated. On  the  great  majority  of  farms  the  custom  is  to  make  the 
division  or  to  pay  the  rent  after  the  principal  products  of  the  farm 
have  been  harvested.  In  the  case  of  dairy  farms  it  is  not  infre- 
quently customary  for  the  landlord  to  receive  his  part  of  the  milk 
check  each  month.  However,  when  the  lease  is  of  the  character  of 
an  economic  partnership  in  which  division  is  made  only  after  ex- 
penses are  deducted,  it  may  be  found  difficult  to  divide  the  proceeds 
of  the  business  so  frequently. 

It  is  also  desirable  to  specify  definitely  where  the  landlord's  share 
of  the  crop  is  to  be  delivered  to  him,  as  well  as  the  method  of  mak- 
ing the  division.  Sometimes  the  division  is  made  in  the  field,  as  in 
the  case  of  com,  and  some  leases  contain  a  provision  that  in  order 
to  facilitate  division,  com  is  to  be  shocked  in  straight  row^s  across 
the  field  with  the  same  number  of  corn  rows  included  in  each  shock 
row.  Delivery  is  usually  made  in  the  crib  or  "bin  or  at  market.  If 
it  is  desired  that  the  tenant  shall  deliver  the  landlord's  share  at  the 
shipping  point  this  should  be  specified  in  the  contract.  This  pro- 
vision is  frequently  used  as  one  of  the  balancing  items  in  more  or 
less  complicated  share  leases.  However,  if  the  simplified  type  of 
lease  hereafter  suggested  is  employed,  delivery  of  the  landlord's 
share  should  be  regarded  as  a  part  of  the  labor  of  the  farm  and 
should  be  included  in  the  general  estimate  of  the  cost  of  labor,  made 
preliminary  to  the  determination  of  the  shares  of  the  respective 
parties. 

Frequently  the  landlord  trusts  the  tenant  to  make  an  honest  division 
of  the  product.  However,  if  the  landlord  is  unwilling  to  do  so  he 
diould  specify  that  the  division  shall  be  made  in  the  presence  of  him- 
self or  his  repreeentative. 

PINAL  DIVISION  OF  JOINTLY  OWNED  PROPERTY. 

When  live  stock,  crops,  implements,  feed,  and  other  property  are 
owned  jointly,  it  is  desirable  to  provide  for  an  equitable  method  of 
dividing  the  jointly  owned  property  in  case  of  termination  of  the 
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lease.  Several  practicable  methods  of  making  such  division  are  em- 
ployed, some  of  which  are  stated  in  the  following  clause  from  an 
Oklahoma  lease : 

At  the  termination  of  this  lease  the  jointly  owned  property  may  be  disposed 
of  in  one  of  three  ways:  Such  property  may  be  appraised  i)y  disinterested  partlea 
selected  by  the  parties  of  the  first  and  second  part,  either  party  paying  liie 
other  party  one-half  of  the  appraised  value  and  retaining  the  entire  property. 
If  a  division  of  the  property  is  desired  the  tenant  shall  divide  the  Jointly  owned 
property  into  two  lots  and  tlie  landowner  shall  talvc  his  choice  of  the  two  lots. 
In  case  neither  of  these  plans  is  agreed  upon,  then  the  property  shall  be  sold 
at  public  auction  and  the  proceeds  equally  divided.  Nothing  herein  shall  be 
construed,  however,  to  prevent  the  disposal  of  the  jointly  owned  property  by 
any  other  plan  mutually  agreeable  to  both  parties 

The  general  provision  for  arbitration  of  disputes  suggested  above 
should  be  applied  to  the  division  of  property  at  the  termination  of 
the  lease. 

At  the  beginning  of  a  lease,  when  either  party  is  buying  a  share  in 
property  to  be  held  in  conmion,  such  as  live  stock,  implements,  or  feed, 
it  may  be  found  difficult  to  agree  on  the  price  at  which  the  share  shall 
be  taken  over.  In  case  of  such  disagreement,  disinterested  parties 
should  be  employed  to  appraise  the  property  and  thus  settle  the 
dispute. 

FUNDAMENTAL  PRINCIPLES  UNDERLYING  ALL  LEASE 

CONTRACTS. 

A  great  many  difficulties  in  the  making  of  satisfactory  leases  maj 
be  eliminated  by  proj)er  appreciation  of  a  few  fundamental  prin- 
ciples. The  farm  lease  is  essentially  a  contract  in  which  the  land- 
lord sells  to  the  tenant  the  restricted  right  to  use  a  farm  for  a 
certain  period  of  time.  It  is  of  great  importance  to  determine  as 
accurately  as  possible  the  correct  value  of  this  right  of  use.  If  the 
price  charged  is  too  high  the  tenant  is  likely  to  find  the  business  of 
farming  unprofitable,  and  will  be  unable  to  continue  the  arrangement 
and  live  up  to  it.  It  is  of  the  highest  importance  both  to  landlord  and 
tenant  that  the  lease  be  so  drawn  as  to  result  in  stability  of  tenure, 
for  frequent  moves  are  not  profitable  to  either  party. 

Frequently,  landlords  assume  that  they  should  have  a  rent  for  the 
farm  equivalent  to  a  certain  rate  of  return  on  the  value  of  the  farm ; 
that  is,  that  the  farm  should  yield  at  least  4  or  5  per  cent,  or  some 
other  rate  of  interest,  on  its  value.  In  some  regions  this  assump- 
tion may  be  a  reasonable  starting  point  in  determining  proper  terms, 
but  there  are  a  number  of  conditions  which  tend  to  make  such  a 
method  an  improper  basis  of  determining  rental  value.  In  the  first 
place,  in  regions  where  land  value  has  been  rising  rapidly  it  is  found 
that  farm  land  has  been  greatly  overvalued  in  relation  to  its  incxmie 
because  the  increase  in  value  itself  is  regarded  as  a  part  of  the  reward 
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of  land  ownership.  Consequently,  men  will  pay  much  more  for  farm 
land  that  is  rapidly  increasing  in  selling  value  than  they  would  pay 
if  the  rent  itself  were  regarded  as  the  only  source  of  return.  For 
instance,  it  has  been  found  in  the  State  of  Iowa  that  where  this  con- 
dition prevails  the  average  annual  cash  rental  value  of  land  is  little 
more  than  2  per  cent  of  the  average  selling  value  of  the  farm.  To 
charge  a  tenant  5  or  6  per  cent  on  such  value  would  be  to  handicap 
him  seriously  in  the  possibility  of  making  a  profit  from  his  farming 
operations. 

The  overvaluation  of  land  is  sometimes  due  to  the  tendency  of 
farmers  to  buy  farm  land  for  other  than  financial  considerations. 
The  farm  is  a  home  and  one  may  pay  a  good  deal  for  neighborhood 
advantages,  for  proximity  to  friends,  relatives,  church,  and  school, 
as  well  as  for  other  residential  advantages,  including  the  farm  house 
and  other  conveniences.  Again,  farmers  have  a  certain  pride  of 
ownership  which  often  will  cause'  them  to  pay  an  unduly  high  price 
for  a  fine  farm  in  the  same  spirit  that  one  might  pay  an  exorbitant 
price  for  a  fine  driving  horse. 

The  landlord  and  tenant  jointly  make  contributions  to  the  business 
of  production.  Each  should  receive  for  his  contributions  what  they 
are  worth.  If  the  total  product  of  the  farm,  year  after  year,  is  not 
enough  to  pay  the  value  of  these  contributions,  the  business  must  be 
regarded  as  unprofitable.  As  a  matter  of  fact,  however,  the  annual 
value  of  land  may  be  considered  a  surplus  above  the  other  expenses 
of  production.  If  some  permanent  change  occurs  to  reduce  the  total 
average  value  of  the  product,  in  the  long  run  the  rental  value  of  the 
land  must  fall  because  less  will  remain  after  paying  the  cost  of  secur- 
ing the  other  factors  of  production.  On  the  other  hand,  if  a  perma- 
nent change  occurs  to  increase  the  average  value  of  the  product  with- 
out increasing  in  the  same  proportion  the  other  expenses,  there  will 
be  a  larger  remainder  that  may  be  obtained  by  the  landowner  as  rent. 

The  lease  contract,  especially  in  the  case  of  the  cash  lease,  tends  to 
obscure  this  fact,  for  in  the  cash  lease  the  tenant  agrees  to  pay  the 
landlord  a  fixed  cash  rent,  and  receives  whatever  may  be  left  after 
paying  this  rent  for  his  own  expenses  of  production  and  profit. 
Landlords  should  bear  in  mind,  however,  that  in  the  long  run  tenants 
must  earn  enough  after  paying  rent  to  cover  their  expenses  of  produc- 
tion and  a  fair  return  for  their  own  labor  and  risk.  Moreover,  a  good 
tenant  should  receive  more  for  his  time  than  a  poor  tenant.  In  other 
words,  if  the  return  is  such  that  an  ordinary  tenant  can  make  fair 
wages,  an  enterprising  and  skillful  tenant  should  receive  a  superior 
reward  for  his  enterprise  and  skill.  These  principles,  however, 
should  not  be  interpreted  to  mean  that  a  shiftless,  indolent,  and 
inefficient  tenant  should  be  guaranteed  a  living.  (Such  a  man  should 
not  be  in  charge  of  a  farm.) 
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PRINCIPLES  UNDERLYING  SHARE  CONTRACTS. 

In  the  share  lease  the  landlord  usuaUy  furnishes  something  more 
than  merely  the  use  of  the  land.  In  the  simplest  form  of  the  share 
contract  the  landlord  at  least  participates  in  the  risk  of  the  enterprise 
arising  from  variations  in  yields  and  in  prices.  In  the  more  complex 
forms*  such  as  the  stock-share  lease,  the  landlord  may  furnish  half 
of  the  working  capital  or  more,  may  bear  half  of  the  expenses,  and 
may  share  in  the  management,  so  that  he  is  actually  a  partner  with 
the  tenant  in  the  enterprise. 

This  complexity  in  the  relati<wship  of  landlord  and  tenant  makes 
it  much  more  difficult  to  d^^rmuie  the  fair  division  of  the  product, 
especially  when  there  is  no  system  of  accounting  by  which  the  rela- 
tive value  of  the  respective  contributions  of  the  two  parties  may  be 
measured.  The  result  has  been  that  the  actual  systems  of  share 
leasing  which  have  become  customary  in  different  parts  of  the  coun- 
try and  in  different  types  of  farming  are  largely  the  product  of  a 
rough  process  of  experiment  Different  items  are  used  to  balance  one 
another  in  a  sort  of  rough  and  ready  manner  without  the  employ- 
ment of  any  underlying  and  permanent  principle  of  division.  There 
is  such  a  bewildering  variety  of  privileges  and  obligations  of  uncer- 
tain money  value  that  it  may  be  practically  impossible,  even  with  a 
careful  system  of  accounting,  to  determine  the  actual  net  shares  of 
the  respective  parties.  Such  items  as  the  twine  bill,  the  thrashing  bill, 
the  furnishing  of  grass  seed  and  horse  feed,  the  fertilizer  bills, 
hauling  crops  to  market,  and  tlie  use  of  pastures,  are  juggled  back 
and  forth  in  various  combinations.  The  confusion  is  made  greater 
by  the  yearly  variation  in  the  actual  and  relative  value  of  the 
various  factors  of  cost  and  by  changes  in  crop  acreages  and  farm 
practice. 

It  is  important  that  this  rough  and  ready  method  of  adjustment, 
which  was  not  seriously  inaccurate  in  the  pioneer  days  of  our  agri- 
culture when  the  relative  values  involved  were  not  nearly  so  large  as 
at  the  present  time  and  when  fewer  of  our  farmers  were  tenants, 
should  give  way  to  a  simpler  and  more  accurate  method  of  bargain- 
ing under  which  it  would  be  possible  in  advance  for  each  party  to 
balance  with  some  degree  of  accuracy  his  prospective  exi>enses  and 
receipts.  In  formulating  such  a  contract  it  is  ne<*essary  to  classify 
the  contributions  of  the  respective  parties.  We  may  recognize  th^ 
following  main  groups : 

(a)  The  use  of  real  estate  and  expenses  on  account  of  real  estate,  incloiliiig 
taxes,  insurance  on  buildings,  and  repairs, 
(ft)  Ordiniiry  fanu  labor, 
(r)  Work  stock. 

id)  Special  skilled  labor  hired  on  special  occasions, 
(e)  Farm  implements  and  operating  equipment. 
(/)  Live  stock  other  than  work  animals. 
(g)  Miscellaneous  expenses. 
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The  laudtord,  of  course,  provides  the  real  estate,  and  generally 
pays  the  expenses  cm  account  of  real  estate.  However,  it  is  fre- 
quently customary'  for  the  tenant  to  furnish  the  unskilled  labor 
necessary  for  making  repairs  on  buildings  and  fences,  and  in  the 
case  of  long  leases  he  may  even  furnisli  the  unskilled  labor  for 
making  some  improvements. 

If  the  use  of  the  real  estate  is  a  factor  which  the  landlord  is  best 
in  a  position  to  contribute,  the  labor  needed  to  work  the  farm  can 
best  be  coi^ibuted.  by  the  tenant  Cither  factors  of  production  may 
be  owned  by  one  or  the  other  of  the  parties  and  a  practicable  plan 
of  leasing  worked  out,  but  seldom  is  a  rented  farm  to  be  found  on 
which  the  landlord  fumidies  any  large  share  of  the  labor  used  to 
operate  it.  On  the  ordinary  family-sized  farm  the  tenant  who  is 
a  capabk  worker  may  need  to  hire  practically  no  labor,  especially  if 
his  children  are  old  enough  to  help.  If  labor  must  be  hired  to  assist 
in  working  the  farm,  the  tenant  should  pay  for  it,  as  he  is  in  the 
better  position  to  control  its  cost  and  to  get  the  most  work  for  the 
money  spent  His  share  of  the  returns  should  be  so  large  that  he 
will  be  amply  rewarded  for  his  willingness  to  do  all  he  possibly  can 
himself  and  for  his  ability  to  use  labor  effectively. 

In  regard  to  the  work  animals  and  equipment  there  is  more  di- 
versity of  practice  than  there  is  in  the  furnishing  of  land  or  labor. 
In  some  parts  of  the  country,  especially  in  the  South,  the  very  poor 
tenants  may  furnish  only  the  labor,  while  the  landlord  furnishes  the 
land,  buildings,  work  animals,  and  equipment.  On  other  southern 
farms,  and  usually  in  the  North,  the  tenant  farmer  furnishes  the 
labor  to  work  the  farm  as  well  as  the  work  animals  and  equipment. 
The  one  who  furnishes  the  work  animals  and  equipment  usually  con- 
tributes the  feed,  upkeep,  and  replacement  costs  associated  with  the 
use  of  these  factors  of  production.  However,  on  stock  share  farms 
the  tenant,  although  contributing  the  work  animals  and  equipment, 
generally  has  the  right  to  feed  these  animals  from  the  undivided 
feed  and  supplies,  and  not  uncommonly  the  landlord  pwns  a  part  or 
full  interest  in  some  of  the  equipment  or  in  some  of  the  horses. 

The  simplest  kind  of  share  contract  would  be  one  in  which  all 
expenses,  including  the  value  of  the  use  of  land,  were  shared  in 
some  definite  proportion,  as  half  and  half,  and  all  receipts  were 
shared  in  the  same  proportion.  This  would  be  in  the  fullest  sense 
an  economic  partnership.  Since,  however,  it  is  customai:y  and 
largely  desirable  that  the  landlord  shall  invariably  furnish  the  use 
of  real  estate  while  the  tenant  shall  furnish  the  farm  labor  and  also 
usually  the  work  stock  and  equipment,  it  is  possible  to  make  a  simple 
and  accurate  adjustment  as  follows:  First  an  estimate  should  l>e 
made  of  the  fair  value  of  the  use  of  the  land  and  of  the  value  of 
.ordinary  farm  labor,  with  additional  estimates  of  the  cost  of  horse 
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some  definite  proportion,  as  half  aiid  half,  and  all  receipts  were 
shared  in  the  same  proportion.  This  would  be  in  the  fullest  sense 
an  economic  partnership.  Since,  however,  it  is  customary  and 
largely  desirable  that  the  landlord  shall  invariably  furnish  the  use 
of  real  estate  while  the  tenant  shall  furnish  the  farm  labor  and  fdso 
usually  the  work  stock  and  equipment,  it  is  possible  to  make  a  simple 
and  accurate  adjustment  as  follows:  First  an  estimate  should  be 
made  of  the  fair  value  of  the  use  of  the  land  and  of  the  value  of 
ordinary  farm  labor,  with  additional  estimate  of  the  cost  of  horse 
labor  and  the  annual  cost  of  the  use  of  the  equipment.  The  value  of 
each  of  these  items  may  be  determined  with  a  fair  degree  of  accuracy 
in  advance.  The  ratio  of  the  two  values  should  be  determined,  and 
all  other  expenses  and  receipts  should  be  borne  in  the  same  propor- 
tion. Suppose,  for  instance,  that  it  is  found  that  the  fair  value  of 
the  use  of  the  land  for  a  year  is  $500,  while  the  fair  value  of  the 
farm  labor,  horse  labor,  and  use  of  equipment  is  $1,000.  The  ratio 
of  these  quantities  is  1  to  2.  The  landlord  should  then  pay  one- 
third  of  all  other  expenses  and  the  tenant  two-thirds  of  all  other 
expenses.  After  these  other  expenses  have  been  deducted  from  the 
total  receipts  the  landlord  should  receive  one-third  of  the  remainder 
and  the  tenant  two-thirds  of  the  remainder.  If  the  land  and  labor 
have  been  fairly  valued,  the  eflFect  of  this  arrangement  will  be  to 
apportion  the  shares  of  the  product  in  exact  proportion  to  the  value 
oi  the  contributions  of  the  respective  parties  and  there  will  be  no 
unknown  items  in  the  calculation. 

It  may  be  objected  that  this  arrangement  will  not  conform  to  the 
convenience  of  the  two  parties  with  respect  to  contributing  to  ex- 
penses. Thus  the  tenant  ma^  not  have  sufficient  fimds  to  bear  the 
share  of  expenses  allotted  to  him,  or  it  may  not  be  convenient  for  the 
landlord  to  furnish  his  designated  share  of  expenses.  It  is  dear, 
however,  that  the  total  expenses  must  be  borne  by  one  or  both  of  the 
two  parties  in  some  proportion.  Whichever  party  is  lacking  in  the 
necessary  funds  to  defray  his  share  of  the  expense  should  borrow  the 
necessary  amount  from  the  other  party  or  from  some  other  source 
of  credit,  paying  interest  on  the  loan  until  the  end  of  the  crop  year, 
when  the  net  receipts  are  divided  and  the  loan  may  be  repaid. 

This  method  of  simplifying  the  rental  contract  conforms  in  part 
to  customary  practice,  lii  most  parts  of  the  coimtry  a  customary 
share  has  developed  which  is  supposed  to  represent  roughly  the  pro- 
portionate value  of  the  invariable  contributions  of  the  respective 
}>arties.  For  instance,  in  the  Cotton  Belt  it  is  cus^mary  tor  the 
tenant  when  furnishing  work  stock  to  pay  the  landlord  one-fourth 
of  the  cotton  and  one-third  of  the  grain.  In  the  newer  wheat  re- 
gions it  is  generally  customary  for  the  tenant  to  furnish  work  stock 
and  implements  and  pav  one-third  of  the  grain.  Where  land  is  more 
valuable  the  tenant  will  pay  one-half  of  the  grain.  These  customary 
shares,  however,  do  not  take  into  account  the  variation  in  value  be- 
tween individual  farms,  and  consequently  other  items  of  expense 
such  as  the  twine  bill,  the  threshing  bill,  the  fertilizer  bill,^  the  fur- 
nishing of  the  seed  grain,  and  the  amount  of  rent  for  special  privi- 
leges payable  in  cash  are  employed  as  balances,  resulting  in  an  un- 
duly complicated  contract. 

The  method  of  adjusting  the  share  contract  suggested  above  has 
been  proposed  by  a  number  of  students  of  the  tenant  contract.    How- 


Digiti 


zed  by  Google 


The  Farm  Lease  Contract  83 

ever,  it  has  frequently  been  assumed  that  the  proportion  should  al- 
ways be  half  and  half — that  is,  that  the  landlord  should  furnish 
the  land  and  the  tenant  the  labor,  sharing  other  expenses  equally 
and  sharing  equally  in  the  net  receipts.  There  is  no  reason,  how- 
ever, why  the  proportion  should  always  be  in  this  ratio.  The  values 
of  the  respective  contributions  vary  greatly  from  section  to  section 
and  from  farm  to  farm.  Thus,  in  the  case  of  very  intensive  crops, 
such  as  sugar-beets,  cotton,  tobacco,  and  various  truck  crops,  the  value 
of  labor  in  proportion  to  the  value  of  land  is  likely  to  be  greater  than 
in  the  case  of  general  farm  crops.  This  difference  is  commonly  re- 
flected in  ordinary  share  contracts  by  giving  a  greater  share  to  the 
tenant.  For  instance,  in  the  South  the  tenant  pays  the  landlord  one- 
third  of  the  grain  but  only  one-fourth  of  the  cotton.  Moreover,  some 
farms  are  more  valuable  than  other  farms.  The  good  farms,  how- 
ever, are  likely  to  attract  the  more  efficient  tenants,  and  therefore 
the  normal  ratio  of  the  value  of  land  to  the  value  of  labor  in  the 
community  may  not  be  so  greatly  disturbed  by  this  element.  In  other 
words,  if  the  annual  value  of  ordinary  land  in  the  community  is  one- 
half  the  value  of  the  labor  of  the  ordinary  tenant,  it  is  quite  possible 
that  the  value  of  a  farm  of  superior  fertility,  location,  and  equipment 
may  be  balanced  against  the  superior  efficiency  of  the  tenant  who 
may  be  secured  for  that  farm. 

These  differences  between  the  relative  values  of  land  and  labor 
required  in  the  production  of  different  crops  give  rise  to  one  objection 
to  the  system  of  share  renting  suggested  above,  an  objection  which  is 
common  to  all  share-renting  systems  which  provide  a  imiform  rent 
share  for  all  farm  enterprises.  The  uniform  share  may  overvalue  the 
labor  applied  to  one  enterprise  as  compared  to  that  required  for  other 
enterprises.  If  this  is  true,  the  farmer  may  be  tempted  to  devote 
more  labor  to  the  overvalued  enterprise  at  the  expense  of  those  under- 
valued. Thus,  when  the  equitable  rent  shares  of  corn  and  cotton  con- 
sidered separately  are  respectively  one-third  and  one- fourth,  a  uni- 
form share  rent  of  two-sevenths  would  tend  to  overvalue  labor  em- 
ployed on  cotton  and  correspondingly  to  undervalue  that  employed 
on  com. 

However,  when  the  landlord  participates  actively  in  the  manage- 
ment of  the  farm  he  may  prevent  any  disprpportionate  use  of  labor 
that  might  result  from  a  uniform-share  contract. 

In  estimating  the  value  of  the  annual  use  of  land  for  the  purpose 
of  determining  a  fair  division  in  the  farm  contract  no  deduction 
should  be  made  for  the  annual  expenses  on  account  of  the  farm  real 
estate,  including  expenditures  for  repairs,  taxes,  and  insurance,  for 
these  expenses  are  in  realily  covered  by  the  estimated  annual  value 
of  the  land. 
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protection  to  the  respective  parties,  may  only  serve  to  call  attention 
to  points  that  may  be  made  subjects  of  dispute. 

At  the  outset  each  party  should  consider  well  not  only  the  terms 
of  the  bargain  but  also  the  general  desirabiUty  of  the  bargain  itself. 

The  landlord  should  select  his  tenant  with  special  regard  to  his 
personal  quaUties;  of  these  honesty  is  of  first  importance,  especially 
m  the  case  of  share  renting.  Good  nature  and  tractabiUty  are  of 
great  importance.  Experience  and  efficiency  as  a  manager  may  not 
be  so  important  from  the  landlord's  standpoint  in  cash  renting,  and 
may  be  of  less  importance  than  such  quaUties  as  honesty,  good 
natiire,  and  energy,  even  in  a  share  contract,  provided  the  landlord 
is  himself  experienced  and  can  devote  considerable  time  to  super- 
vision. The  landlord  should  also  assure  himself  that  the  tenant 
can  obtain  the  necessary  equipment  and  capital  to  operate  efficiently. 

To  obtain  and  hold  a  tenant  having  the  desirable  quaUties  the 
landlord  can  weU  aflFord  to  make  numerous  minor  concessions  in 
the  contract.  Indeed,  a  sharp  bargain  which  proves  a  source  of  dis- 
satisfaction and  hard  feeling  on  the  part  of  a  good  tenant  may  prove 
a  costly  bargain  for  the  landlord. 

A  landlord  wiU  usuaUy  find  that  the  easiest  way  to  get  his  tenant 
to  do  certain  things  is  to  make  it  profitable  for  the  tenant  to  do  thena. 

The  tenant,  in  making  a  choice,  needs  to  consider  both  the  landlord 
and  the  farm.  The  importance  of  a  good  landlord  is  in  direct  pro- 
portion to  the  intimacy  of  the  relationship  imposed  under  the  terms 
of  the  contract.  In  a  cash  lease  the  relationship  may  often  be  largely 
impersonal,  whereas  in  a  stock-share  lease  the  relationship  is  so  close 
as  to  make  good  feeling  and  the  spirit  of  mutual  cooperation  and 
concession  essentials  of  success. 

The  proper  choice  of  a  farm  involves  considerations  so  numerous 
that  they  cannot  be  fully  elaborated  in  this  bulletin.  However,  just 
as  the  landlord  can  afford  to  make  some  concessions  in  order  to 
secure  a  good  tenant,  so  the  tenant  should  remember  that  the  differ- 
ence in  productivity  between  a  good  and  a  poor  farm  may  be  so  great 
as  more  than  to  compensate  for  a  contract  that  may  be  ilUberal  in 
minor  details. 

In  general  the  tenant  should  look  weU  to  the  character  and  con- 
dition of  the  land,  the  presence  or  absence  of  noxious  weeds,  the 
character  and  condition  of  the  dwelling  house,  bams,  and  other 
outbuildings,  the  fences,  the  character  of  the  roads,  the  water  supply, 
the  pasture  faciUties,  and  supply  of  wood.  The  tenant  may  consult 
the  outgoing  tenant,  the  neighbors,  his  banker,  the  thresherman,  and 
other  persons  in  a  position  to  give  accurate  information.^ 

« See  Farmers'  Bulletin  1088,  "Selecting  a  Farm." 
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AMERICAN  TRAPPERS  receive  yearly  in  the  aggregate 
-^^  many  millions  of  dollars  for  their  fur  harvest,  which, 
up  to  the  moment  they  set  out  to  gather  it,  does  not  cost  them 
a  single  effort.  Recently  the  supply  of  peltries  has  been 
decreasing  at  an  alarming  rate.  Raw-fur  buyers  representing 
all  parts  of  the  country  place  the  decrease  at  from  25  to  50 
per  cent  during  the  last  10  years.  There  are  no  longer  any 
virgin  trapping  grounds.  Even  in  Alaska  the  two  most 
important  fur-beaiing  animals,  the  beaver  and  the  marten, 
have  become  so  nearly  exterminated  that  they  are  now  being 
protected  by  a  close  period. 

Laws  protecting  fur-bearing  animals  are  designed  to  keep 
a  steady  flow  of  peltries  coming  to  market  year  after  year, 
thereby  bringing  trappers  a  rehable  income  and  giving  regular 
employment  to  thousands  of  people  engaged  in  dressing  skins, 
manufacturing  garments,  and  distributing  them  through  the 
various  avenues  of  trade. 

A  general  protest  comes  from  raw-fur  buyers  against  tra£Sc 
in  unprime  skins.  The  losses  caused  by  killing  fur  animals 
when  their  pelts  are  not  prime  are  enormous.  An  educational 
campaign  is  greatly  needed  to  prevent  this  waste  and  to  per- 
petuate our  fur-producing  resources. 

It  is  hoped  that  the  information  contained  in  this  bulletin 
will  be  instrumental  in  promoting  judicious  and  harmonious 
action  in  this  important  matter. 


Contribution  from  the  Bureau  of  Biological  Survey 

E.  W.  NELSON.  Chief 

Waahington,  D.  C.  August,  1920 
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LEGISLATION  OF  1920. 

LEGISLATION  relating  to  fur-bearing  animals  in  1920  is  small 
in  voliune.  Only  six  of  the  eleven  States  holding  regular 
sessions  this  year  enacted  laws  on  the  subject,  while  changes  in 
laws  in  eight  Canadian  Provinces  related  chiefly  to  royalties  on 
skins  and  to  prescribing  licenses  for  trappers  and  fur  dealers.  Fed- 
eral legislation  comprised  the  provision  in  the  appropriation  act  for 
the  Department  of  Agriculture  transferring  jurisdiction  over  land 
fur-bearing  animals  in  Alaska  from  the  Secretary  of  Conmierce  to  the 
Secretary  of  Agriculture,  and  the  adoption  of  regulations  thereunder 
effective  July  1,  1920.  No  radical  changes  were  made  in  the  former 
regulations  of  the  Secretary  of  Commerce  except  districting  the  Ter- 
ritory. The  principal  provisions  of  the  new  laws  are  set  forth  in  the 
following  brief  smnmaries: 
Federal. — One  act:  Transferring  from  the  Secretary  of  Conimerce  to  the  Secre- 

1  tary  of  Agriculture  jurisdiction  over  mink,  marten,  beaver,  land  otter,  muskrat,  fox, 
wolf,  wolverine,  weasel,  and  other  land  fur-bearing  animals  in  Alaska,  and  the  leasing 
of  certain  islands  in  Alaska  for  the  propagation  of  fur  animals;  and  transferring  to  the 
Secretary  of  Commerce  jurisdiction  heretofore  exercised  by  the  Secretary  of  Agri- 
culture over  walrus  and  sea  lion  (Agricultural  approj)riation  act — Public,  No.  234, 
66th  Cong.).  Under  date  of  June  12,  the  Secretary  adopted  regulations  effective  July 
1,  1920,  for  the  protection  of  land  fur-bearing  animals  in  Alaska.    Under  these,  the 

'  Territory  is  divided  into  three  districts:  IHsirict  1  includes  the  Aleutian  Islands, 
Alaska  Peninsula,  and  Southeastern  Alaska,  from  Yakutat  Bay  to  Dixon  Entrance; 
District  ty  the  region  north  of  Yakutat  Bay  to  the  headwaters  of  streams  flowing  into 
the  Arctic  Ocean,  north  of  the  sixty-eighth  parallel  of  north  latitude;  District  3^  the 
fligion  drained  by  streams  entering  the  Arctic  Ocean  north  of  the  sixty-eighth  parallel 
of  north  latitude.  Other  provisions  are:  Prohibiting  the  killing  of  any  land  fur-bear- 
ing animal  when  its  fur  is  unprime;  protecting  beaver  until  1923  and  marten  until 

[  '  Laws  relating  to  game  aniniAls,  Including  deer  and  other  big  game,  rabbits,  and  squirrels  will  l)e  fouzxl 

!       to  Pamieni'  Bolletln  1138,  "  Gam©  Laws  for  1920." 
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1925;  fixing  open  seasons  on  muskrat,  otter,  mink,  weasel,  fynx,  and  fox,  in  the 
various  districts;  prohibiting  the  use  of  "klips"  traps,  steel  bear  traps,  and  any  other 
trap  with  jaws  having  a  spread  exceeding  8  inches,  and  the  use  of  dogs  and  poisoDs  in 
taking  or  killing  protected  fur-bearing  animals;  prohibiting  possession  or  shipment  of 
-skins  of  animals  illegally  killed;  and  requesting  reports  of  shipments  of  furs  consigned 
to  points  outside  of  Alaska  (S.  R.  A.-B.  S.  33). 

Louisiana. — One  act:  Shortening  the  season  on  fur  animals  two  weeks  by  closiDg 
the  season  with  January  31  instead  of  February  15  (No.  136). 

Maryland. — Four  acts:  Fixing  a  State- wide  open  season  on  otter  and  muskrat 
from  January  1  to  March  15,  and  prohibiting  possession  of  green  skins  after  March  25; 
prohibiting  capture  of  otter  or  muskrat  except  by  trapping  or  gigging,  and  protecting 
muskrat  houses;  authorizing  payment  to  the  informer  of  half  the  fine  for  violation  of 
the  act  and  the  balance  to  the  State  game  protection  fund  (S.  B.  133);  fixing  bounties 
in  Garrett  County  of  $4  on  wildcat,  |2  on  fox,  and  50  cents  each  on  mink,  weasel, 
hawk,  and  owl  (H.  21);  repealing  the  provision  of  the  Code  of  Public  Local  Laws 
fixing  a  bounty  of  $1  each  on  fox  in  Washington  County  (H.  B.  66);  defining  musk- 
rat,  otter,  mink,  and  all  other  protected  animals  as  game,  and  requiring  a  hunting 
license  to  hunt  or  trap  them  (H.  B.  193). 

New  Jersey. — One  act:  Permitting  raccoons  to  be  possessed  during  first  10  days  of 
close  season,  but  prohibiting  their  export,  except  under  nonresident  license  (ch.  31). 

New  York. — ^Two  acts:  Shortening  the  season  20  days  on  muskrat  in  the  northern 
counties  of  the  Adirondack  r^on  by  opening  December  1  instead  of  November  10,  and 
shortening  the  season  40  days  in  the  rest  of  the  State  by  prescribing  an  open  season 
from  December  1  to  March  31  (ch.  552);  repealing  the  special  provision  allowing  rac- 
coons to  be  taken  in  the  Catskill  Park  in  any  manner,  except  with  traps,  from  October 
15  to  March  15,  thus  making  the  season  from  November  10  to  February  10  unifonn 
•  throughout  the  State  (ch.  469). 

Rhode  Island. — One  act:  Lengthening  the  season  one  month  on  raccoon,  muskrat, 
and  mink  by  opening  October  1  instead  of  November  1;  affording  protection  to  otter, 
and  fixing  the  open  season  as  October  1  to  February  1. 

South  Carolina. — One  act:  Making  it  unlawful  to  shoot  or  trap  foxes,  to  dig  them 
out  of  the  ground,  or  to  push  or  drag  them  out  of  a  tree  or  log. 

Alberta. — One  act:  Closing  the  season  on  muskrat  south  of  the  North  Saskatchewan 
River,  but  providing  that  the  lieutenant  governor  in  council  may  open  the  season 
in  such  territory  and  under  such  conditions  as  he  may  deem  advisable  and  make 
regulations  for  the  granting  of  permits,  including  the  fees  to  be  charged  therefor; 
extending  the  close  term  on  beaver  until  December  31,  1925;  prohibiting  trapping 
on  game  or  forest  reserves  except  under  pennit  and  regulations  of  the  lieutenant 
governor  in  council;  prescribing  a  $5  taxidermist  license;  requiring  dealers  in  furs 
and  skins  of  protected  animals  to  be  licensed  (fees,  resident,  branch  office,  and  travel- 
ing agent,  $5  each;  nonresident,  $100);  prohibiting  export  of  furs  and  skins  on  which 
royalties  have  not  been  paid,  except  that  a  resident  hunter  or  trapper  is  not  required 
to  pay  royalty  on  furs  or  skins  of  animals  taken  by  himself  unless  it  exceeds  $10  in 
any  one  year  (ch.  37). 

British  Columbia. — One  act:  Permitting  resident  farmer  and  member  of  family  to 
trap  muskrats  on  dyked  lands  only  under  i>ermit  of  game  conservation  board;  requir- 
ing shipments  of  fur  animals  to  be  marked  to  show  contents,  and  names  and  addiesseB 
of  the  consignor  and  consignee,  and  prohibiting  agents  of  common  carriers  from  accept- 
ing shipments  not  properly  marked;  requiring  fur  traders  (including  their  branch 
offices  in  Province)  to  obtain  licenses  (fees,  resident,  $25;  nonresident  or  his  agent 
$200),  but  i)ermitting  a  resident  trapper  to  sell  furs  of  animals  taken  by  him  withc^t 
a  license;  requiring  fur  traders  to  keep  records  of  transactions  and  make  sworn  annual 
returns  thereof,  and  to  pay  royalty  on  skins  taken  in  Province  in  accordance  with 
regulations  (Bill  No.  12). 
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Mnuloba. — One  act:  Prohibitiiig  the  purchase  of  furs  from  a  trapper  not  the  holder 
of  a  proper  license,  the  number  of  which  must  be  recorded  at  the  time  of  such  pur- 
chase; requiring  fur  traders  to  secure  licenses  for  each  post  or  place  of  business  main- 
tained in  the  Province;  reducing  the  fee  for  permits  to  export  live  mink,  fisher, 
and  marten,  from  $5  to  $1  each,  and  on  muskrat  to  $2  per  dozen;  providing  for  the 
payment  of  royalties  on  fius  as  prescribed  by  the  lieutenant  governor  in  council; 
requiring  a  license  to  dress  or  tan  furs  (fee,  $10>;  providing  for  the  issue  of  licenses 
to  opiate  fur  forms  (fee,  $5);  and  requiring  semiannual  reports  of  operation. 

Hew  Bninswick. — One  act:  Prohibiting  the  taking  of  fur  animals  by  the  use  of 
poisons;  shortening  the  season  two  weeks  on  muskrat;  extending  the  close  term  on 
beaver  and  sable  to  December  31, 1923;  limiting  the  taking  of  beaver  under  special 
p^mit  from  the  minister  of  lands  and  mines  to  the  period  from  November  1  to  April 
1,  and  increasing  the  fee  from  $4  to  $8  for  each  beaver  taken;  repealing  the  bounty 
on  wildcat;  increasing  the  fee  from  $25  to  $50  for  a  nonresident  trapping  license, 
and  the  fees  for  licenses  to  traffic  in  or  tan  skins  of  game  or  fur  animals  (resident, 
horn.  $2  to  $10;  nonresident  or  resident  alien,  from  $25  to  $50);  increasing  penalties 
for  violations;  requiring  trappers  and  fur  dealers  to  obtain  licenses,  to  file  declara- 
tions showinjg  name,  address,  and  location  of  warehouses,  shops,  posts,  or  caches  where 
skins  are  stored,  and  the  place  where  skins  will  be  shipped  out  of  the  Province,  and 
tD  make  monthly  reports  of  operations,  but  exempting  hunters  and  trappers  who 
•re  British  subjects  domiciled  and  residing  in  the  Province,  who  actually  hunt, 
{ffOTided  they  sell  such  furs  to  persons  domiciled  in  the  Province;  requiring  payment 
d  royalties  as  fixed  by  the  lieutenant  governor  in  council  on  skins  taken  in  the 
Province. 

Norfliwest  Territories. — Two  orders  in  council:  Prohibiting  trapping  on  Banks 
Island  (P.  C.  533);  authorizing  the  Minister  of  the  Interior  to  remit  fees  for  trapping 
licenses  to  members  of  Royal  Canadian  Mounted  Police  and  officers  of  Dominion 
Parks  Branch  when  on  duty  in  Northwest  Territories  (P.  C.  611). 

HoTt  Scotia. — One  act:  Requiring  licensed  fur  dealers  to  make  monthly  reports 
of  operations;  increasing  penalties  for  violations  (Bill  No.  150). 

Saskatchewan. — One  act:  Shortening  the  season  on  muskrat  and  prescribing  the 
months  of  March  and  April  as  the  open  season  south  of  Township  53,  and  the  month 
of  November  and  from  March  1  to  May  14  as  the  open  season  north  of  Township  52, 
instead  of  November  1  to  April  30  throughout  the  Province;  prescribing  a  $2  resident 
trapping  license  and  requiring  licensees  on  or  before  May  31  to  return  license  to  chief 
game  guardian  and  report  number  of  each  kind  of  fur  animal  taken  (ch.  50). 

Tabm. — ^Two  acts:  Affording  protection  to  lynx,  marten,  mink,  and  otter  from 
April  1  to  November  15  and  on  muskrat  from  Jime  1  to  December  1 ;  prohibiting  the 
use  of  poisons  in  taking  fur  animals;  requiring  nonresidents  to  obtain  license  (fee, 
1100)  to  trap  fur  animals;  and  prescribing  licenses  for  fur  buyers  and  dealers  purchasing 
furs  for  sale  or  export — fees:  nonresident,  $150;  resident,  $25;  mercantile  establish- 
ment buying  furs,  $10  for  each  post  or  place  of  business  other  than  head  office  (ch.  1); 
increasing  tax  rates  or  royalties  on  furs  to  be  exported  (ch.  6). 

SUMMARY  OF  LAWS  RELATING  TO  SEASONS,  PROHIBITED 
METHODS,  LICENSES,  POSSESSION,  SALE,  SHIPMENT, 
EXPORT,  MISCELLANEOUS  PROVISIONS,  PROPAGATION, 
AND  BOUNTIES, 

The  arrangement  of  the  various  provisions  of  law  relating  to  fur- 
hearing  animals  has  been  changed  in  the  present  bulletin  from  that 
formerly  used  in  order  that  the  information  presented  may  be  more 
readily  available  to  the  reader. 
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In  many  States  legislation  for  the  protection  of  fur  animals  has  not 
progressed  to  the  stage  of  stringent  regulation,  and  this  condition, 
together  with  the  peculiar  commercial  nature  of  the  fur  indii^try, 
makes  it  often  exceedingly  difficult  to  determine  what  restrictions, 
if  any,  apply  to  the  transportation  and  marketing  of  furs. 

In  stating  the  open  seasons,  the  plan  of  the  New  York  law  has 
been  followed,  as  in  the  bulletin  on  the  game  laws  for  1920,^  to  include 
the  first  and  the  last  days  thereof.  Statements  regarding  trapping  on 
lands  of  another  do  not  take  into  consideration  the  general  trespass 
laws  of  the  State.  The  bounty  laws  included  relate  to  all  animals 
and  birds  on  which  boimty  is  paid. 

FEDERAL  LAWS. 

Two  Federal  laws  have  a  bearing  on  the  fur  industry  of  the  United  States— the 
Lacey  Act,  governing  interstate  commerce  in  wild  animals,  and  the  tariff  act  of 
October  3,  1913. 

That  part  of  the  Lacey  Act  codified  as  section  242  of  the  Criminal  Code  (35  Stat, 
1137)  makes  it  imlawful  tf)  ship  or  transport  *'from  any  State,  Territory,  or  District 
of  the  United  States  to  any  other  State,  Territory,  or  District  thereof"  the  bodies 
or  parts  of  bodies  of  any  wild  animal  or  bird  killed  or  shipped  in  violation  of  the  law  of 
the  State,  Territory,  or  Dietrict  in  which  the  same  were  killed  or  from  which  they 
were  shipped. 

The  tariff  act  of  1913  places  a  duty  of  10  per  cent  ad  valorem  on  Uve  animals  shipped 
into  the  United  States.  Paragraph  397  of  this  act  places  on  the  free  list  animals 
imported  for  breeding  purposes  by  a  citizen  of  the  United  States:  ^^ Provided,  That 
no  such  animal  shall  be  admitted  free  unless  pure  bred  of  a  recognized  breed  and  duly 
registered  in  a  book  of  record  recognized  by  the  Secretary  of  Agriculture  for  that 
breed.*'  This  act  has  made  it  imposedble  thus  far  to  admit  free  of  duty  any  faxes 
or  other  Canadian  fur  animals  for  propagation.  Raw  furs  not  advanced  in  manu- 
facture; are  admitted  free  of  duty. 

LAWS  OF  STATES. 

ALABAMA. 

Open  SMioiis:*  DiUea  incHuive. 

Beaver,  otter,  bear,  raocooD,  opossum,*  mink,  muskrat Nov.  i-Mar.  1. 

Prohibited  methods:  No  restrictions. 

Licenses:  Fee,  $10;  issued  by  probate  judges.   Landowners  or  landlords,  tenants,  and  members  of  fEunl- 

lies  may  trap  on  own  land  during  open  season  without  license.    Written  permission  required  to  trap 

on  land  of  another. 
Possession  and  sale:  Possession  of  opossum  and  the  young  of  protected  fur  animaJs  proliibited  durios 

close  season .    No  other  restrictions . 
Shipment  and  export:  No  restrictions. 
Propagation:  No  legislation. 
Bounties:  None  paid. 


« Farmers  Bulletin  1138,  '*  Game  Laws  for  1920." 

*  Alabama:  Owner  may  protect  premises  in  any  manner  at  any  time  from  depredations  of  fur  wnlmste 

« Opossums  may  be  hunted  with  dog  or  gun:  Oct.  1&-Mar.  1. 
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ALASKA.^ 

Diitriet  IJ  Date*  incluMvf. 

Mnakiat Dec.  1-Mar.  81. 

Land  otter,  mink,  weasel  (ermine) •. Dec.  16-Mar.  15. 

Lynx.lbx Dec.  1- Jan.  31. 

DiMTieti* 

Moskrat Dec.  1-May  31. 

Land  otter,  mink,  weasel  (ermine) Nov.  16-Mar.  31. 

Lynx,  fox Nov.  16-Feb.  28. 

Districts.* 

Moskrat Dec.  1-May  31. 

Land  otter,  mink,  weasel  (ermine) Nov.  1-Mar.  31. 

Lynx,  fox Nov.  16-Apr.  15. 

Tknmgkout  TenUory. 

Beaver,  marten,  sea  otter Noopenseason.io 

Bear  (black,  glacier,  and  cinnamon),  wolf,  wolverine,  squirrel,  marmot,  varying  hare 

(rabbit),  and  Arctic  hare Unprotected. 

PnhiUted  maChodt:  Unlawful  to  take  or  kill  fur  animals  with  poison  or  by  use  of  trap  or  device  known 
asthe  ''klips/'  steel  beartrap,  orany  othertrap  with  Jawshaving  a  spread  exceeding  8  indies.  Theuse 
of  dogs  for  pursuing  and  killing  protected  fur  animals  and  the  use  of  poison  for  killing  any  land  fur  ani- 
mal prohibited. 

None  required. 

id  aale:  No  restrictions  on  prime  skins  legally  taken. 
t  and  eiport:  No  restrictions  on  prime  skins  legally  taken.    Shipments  of  furs  consigned  to 
points  outside  of  Alaska  should  be  reported  to  the  Bureau  of  Biological  Survey,  Department  of  Agri- 
cokore,  Washington,  D.  €.u 

^Mfiptioo:  No  restnctlons  except  on  the  Aleutian  Islands  Reservation,  where  permits  to  propagate 
tar  animals  and  to  trap  them  for  breeding  purposes  must  be  obtained  from  the  Department  of  Agri- 
eaknre. 
imiitiet:  Wolf,  $15;  eagle,  50  cents. 

ARIZONA. 

Beaver ' No  open  season." 

All  other  fur  and  predatory  animals Unprotected.'* 

'rahlbltod  methods:  No  restrictions. 

Jcenaet:  Foe,  12.50;  issued  by  warden,  designated  deputies,  and  clerks  of  boards  of  supervisors.  License 
not  required  fbr  trapping  on  own  land,  nor  by  persons  under  18  years  of  age.  Unlawful  to  disturb  or 
remove  the  traps  of  licensed  trappers  on' the  public  domain  or  on  lands  where  they  have  permission  to 
trap. 

'MMtsioo  and  tale:  No  restrictions. 
aUpment  and  export:  No  restrictions. 

<iacellaneoos:  Unlawful  to  use  fish  or  the  flesh  of  any  game  bird  or  animal  for  trap  bait. 
*ropatitiMi:  Under  permit  from  State  game  warden,  fur-bearing  and  predatory  animals  may  be  kept  for 
propagation,  exhibition,  or  sale. 
None  paid. 


*  Aluika:  llegulations  relating  to  land  fur  animals  may  be  obtained  upon  application  to  the  Secretary 
.  f  Agriculture,  Washington,  D.  C.  For  special  information  regarding  sea  otters  and  fur-seal  fisheries  and 
the  Afognak  Reservation,  which  are  subject  to  special  legislative  and  administrative  control,  appllcaticn 
^liould  be  made  to  the  Commissioner  of  Fisheries,  Washington,  D.  C. 

*  Unlawful  to  kill  any  land  fur  animal  when  its  fur  is  unprime. 

^  District  1  includes  the  Aleutian  Islands,  Alaska  Peninsula  and  neighboring  islands,  and  Southea  tern 
Uaska,  mainland  and  islands,  from  Yakutat  Bay  to  Dixon  Entrance. 

*  District  t  includes  the  mainland  and  islands  from  Yakutat  Bay,  dulf  of  Alaska,  Illamna  Lake,  and 
Bristol  Bay, northward  to  the  headwaters  of  the  streams  flowing  into  the  Arctic  Ocean  north  of  the  sixty- 
eij^th  parallel  of  north  latitude. 

*  District  S  includes  the  region  drained  by  the  streams  entering  the  Arctic  Ocean  north  of  the  sixty-eighth 
parallel  of  north  latitude. 

"  Season  on  beaver  expires  Nov.  16, 1923,  and  on  marten  and  sea  otter  Nov.  15, 1925. 

"  Blanks  for  reporting  shipments  by  mail  may  be  obtained  from  postmasters  and  thofe  for  reporting 
other  shipments  will  be  supplied  upon  application  to  the  Biological  Survey,  Washington,  D.  C,  or  to 
local  fur  wardens  in  Alaska. 

»  Ariioma:  Expires  Dec.  31, 1922. 

"  Mountain  lion,  wolf,  fox,  coyote,  lynx,  wildcat,  skunk,  or  other  obnoxious  animals  may  be  taken  on 
State  game  preserves  only  under  regulations  of  the  State  game  warden.  Owner  may  protect  his  premises 
from  the  depredations  of  predatory  and  fur  animals  at  any  time. 
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ARKANSAS. 

OpenseaMiii:^  Dates  indud^ 

Bear Noy.  lO-Jan.  15. 

Beaver,  otter No  open  seaaon.* 

All  other  far  animals .'. .- Oct.l-Mar.l. 

Prohibited  melhoda:  Unlawful  to  trap  bears,  or  to  hunt  them  at  night  with  tordi  or  searchli^ts. 

Bag  limits:  One  hear  a  season. 

Licenses:  Tn4>ping  license,  $20  (only  required  for  use  of  12  or  more  traps).    Hunting  license  required  to 

kill  bears:  Resident,  11.10;  nom«sident,  115;  dog,  used  in  hunting  bears,  11.50. 
Ppssesston  and  sale:  Sale  of  raw  sldns  is  prohibited  except  between  October  1  and  March  15.    Sale  or 

exchange  of  bears  prohibited. 
Shipment  and  eiport:  No  restrictions  except  on  bears,  the  export  of  which  is  prohibited  except  by  noo- 

resident  licensee  under  affidavit  that  the  bear  was  legally  taken  and  is  not  for  sale. 
Propagation:  The  game  and  fish  commission  is  authorized  to  issue  permits  to  breeders  of  game  and  for 

animals  under  such  regulations  as  it  may  prescribe. 
Bountiea:  County  courts  may  offer  bounty  on  wolf,  vrildoat,  or  panther,  and  fix  the  amount  of  such  boanty. 

CALIFORIOA. 
Open  aeasoos:  ^*  J>aiet  indughe^ 

Black  or  brown  bear,  ring-tail  cat,  coon,  pine  marten,  fisher,  wolverine,  mink,  skunk, 

river  otter,  ftjx Oct.  15-Feb.  281 

Seal  and  sea  lion  (in  Game  District  10,  no  open  season) Unprotected. 

Beaver,  otter - No  open  seasoe. 

Prohibited  methods:  Unlawful  to  use  poisons  or  gun  larger  than  No.  10  gauge  in  taking  fur  animals,  or  to 

dig,  or  smoke  out  skuAks  from  dens. 
•Licensee:!*  Citisen,  $1;  alien,  $2;  issued  by  Fish  and  Game  Commission.   License  issued  free  to  vetersns 
of  Civil  War.   Duplicate  lijBense  issued  only  on  affidavit  of  applicant  that  original  license  has  been  lost 
or  destroyed.    License  not  required  of  person  under  18  years  of  age.    Licensed  trappers  are  required  to 
repott  catch  befbre  July  L   Licensee  must  exhibit  license  and  furs  to  wardens  ot  peace  offioers  upon 
demand.    Unlawful  to  disturb  or  remove  the  traps  of  a  licensed  trapper  who  is  Jrapping  on  the  poblie 
domain  or  on  lands  where  he  has  permission  to  trap. 
Posseasion  and  sale:  No  restrictions. 
Shipment  and  export:  No  restrictions. 

Propagation:  Fur  animals  may  be  raised  in  captivity  under  regulations  of  the  commissioners. 
Boontiee:  Mountain  lion,  female,  $80;  male,  $20;  paid  by  State  game  commission.    Boards  of  supet  visors 
of  counties  may  fix  the  rate  and  pay  bounty  on  coyote,  wildcat,  fox,  lynx,  bear,  or  mountain  lion.    Many 
counties  now  pay  a  bountv  on  some  of  these  animals,  especially  on  ccyotes.^' 

COLORADO. 

Beaver No  open  ^easoo.** 

All  other  fur  animab Unprotected." 

Prohibited  methods:  No  restrictions. 

Licenses:  Hunting  license  required  to  trap:  Resident,  $2;  nonresident,  $25;  issued  by  commtwinoer, 

county  clerks,  and  other  agents.   Unnaturalized  resident  not  permitted  to  hunt,  capture,  or  kill  any 

wild  bird  or  animal. 
Possession  and  sale:  No  restrictions. 
Shipment  and  export:  No  restrictions. 
Miscellaneous:  Use  of  game  or  fish  for  trap  bait  prohibited. 
Propagation:  No  restrictions,  except  as  to  beaver  and  game  animals. 
Bountiee:  None  paid  by  State  since  1895.    On  petition  of  50  freeholders,  county  oommissioiners  may  levy 

a  tax  to  pay  bounties  on  coyote,  wolf,  and  mountain  lion. 

M  Arkansat:  Fur  animals  fCund  destroying  crops  or  poultry  may  bo  killed  at  any  time. 

u  Expiree  Jan.  1, 1022. 

u  California:  Written  permission  from  board  of  fish  and  game  commissioners  required  to  trap  or  hunt 
predatory  animals  on  State  game  refuges. 

17  For  information  in  regard  to  bounties  in  any  county,  application  should  be  made  to  the  county  cl^k. 

u  Colorado:  The  owner  of  propwty  being  damaged  by  beaver  may  be  permitted  to  kill  them  under  such 
regulations  as  may  be  provided  concerning  disposition  of  the  skins,  by  the  State  game  and  fish  (Commis- 
sioner. 

»  A  permit  from  the  State  game  and  fish  commissioner  is  necessary  to  take  mountain  liop,  wolf;  coyote, 
rox,  lynx,  wildcat,  mink,  marten,  or  wolverine  on  Colorado  State  Game  Befuge. 
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CONHBCnCUT. 

Opu  leuoas:  <*  Daiet  indutict. 

Otter Nov.    1-Mftr.31. 

Raccoon Oct.    16-Jaii.31. 

Skunk Nov.    1-Jan.31. 

Other  fur  animals Unprotected. 

PiibfliitMl  metfiodir  Unlawftil  to  trap  with  scented  baits  or  to  take  animals  with  a  snare  or  similar  device, 
limps  most  be  visited  at  least  once  in  48  bours,  and,  on  lands  of  another,  must  not  be  set  in  path,  wood 
Toed,  or  specially  prepared  fiirrow.    Owner  or  person  using  traps  must  have  his  name  legibly  stamped 
thereon, 
licenses;  Hunting  license  required  to  trap:  Resident,  $1.25;  nonresident,  110.25;  alien,  $15.25;  issued  by 
dty  or  borough  clerk.    Person  under  16  years  of  age,  vdille  denied  a  hunting  license,  may  obtain  one 
lot  taking  fur  animals  only.    License  not  required  of  resident  hunting  or  tn4>ping  on  own  land  during 
open  season.    Permission  of  owner  required  to  trap  on  lands  of  another. 
I  and  sale:  No  restrictions. 
\  and  eipoit:  No  restrictions. 

No  restrictions  on  possession  or  sale  of  Air  animals  kept  in  captivity. 
Bwntlst:  Towns  are  permitted  to  pay  bounty  on  wildcat  or  Ibz  (not  over  $6);  on  weasel,  woodchuok, 
vild  Belgian  hare,  or  wild  German  rabbit  (not  over  $1). 

DBLAWARS. 

Ofenieaieni;"  Dotetincluiioe, 

Skunk,  mink,  otter Dec.    l-Mar.25. 

Pox Oct.     1-Apr.30. 

Raoooon,  opoesum Oct.     1-Jan.    L 

Muskrat Dec.    l-Mar.lO. 

PnUUled  methods:  Unlawftil  to  use  pitledl,  deadlUl,  scaffold,  cage,  snare,  trap,  net,  pen,  batted  hook,  or 
bsited  field  or  any  other  similar  device,  or  any  drug,  i)oison,  chemical,  or  explosive  for  taking  animals 
protected  by  the  laws  of  this  State,  except  muskiat ,  skunk,  mink,  and  otter.  Traps  or  other  devices 
aniawftilly  set  are  subject  to  confiscation.  Unlawfu  1  to  destroy  the  nest,  den,  or  lair  of  any  animal  pro- 
tscted  by  law.  Unlawful  to  hunt,  kill,  take,  or  destroy  any  protected  animal,  except  muskrat,  skunk, 
mink,  and  otter,  while  the  ground  is  covered  with  snow.  Unlawful  to  shoot  at  or  destroy  any  fox 
while  it  is  being  chased  by  a  dog.  Muskrats  may  not  be  taken  during  the  time  any  flood  or  freshet  may 
ctose  them  to  leave  their  usual  places  of  shelter  and  protection,  nor  may  they  be  shot  at  night  or  hunted 
with  a  dog. 

Ueenses:  License  not  required  of  resident;  hunting  license  required  of  nonresident  (fee,  110.50);  issued 
by  commission. 

Pnisiisiiun  and  sale:  Unlawful  to  sell  fox  or  fox  hide.    No  other  restrictions. 

Shipment  and  export:  Unlawful  to  export  tox  or  fox  hide.    No  other  restrictions. 

PnpiVattai:  No  restrictions,  provided  a  permit  is  obtained  from  the  chief  game  and  fish  warden  (fee,  II). 
A  limited  number  of  wild  fur  or  game  animals  for  propagating  purposes  may  be  taken  under  permit. 

Bvmtlea:  None  paid. 

DISTRICT  OF  COLUMBU. 

No  legislation  relating  to  fur  animals. 

FLORIDA. 

Open  seasons:  Do/m  ineltuive. 

Beaver,  otter Nov.    l-Jan.  3t 

Other  fur  animal?! ^ Unprotected. 

Piahlblted  melhods:  NO'restrictlons. 
;  None  required. 

d  sale:  No  restricdons. 
Shipment  and  export:  No  restrictions. 
Pniptfitidn:  No  legislation. 
Bowitlee:  None  paid. 

"  ComMcficut'  Fox,  skunk,  raccoon,  wildcat,  mink,  or  weasel  may  be  hunted  or  trapped  on  State  game 
preserves  only  by  superintendent  of  fisheries  and  game  or  persons  designated  by  him.  Landowner  may 
kiU  otter  at  any  time  on  his  own  land  when  damaging  his  property,  and  raccoon  and  skunk  may  be  killed 
tt  any  time  for  protection  of  property. 

°  DeUneare:  Qwners  may  kill  foxes  at  any  time  when  destroying  their  poultry,  and  other  fur  animals 
may  be  killed  at  any  time  wlien  destroying  property. 
650— 2(>-Bull.  iig5 2 
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OBOROLL 

(1980  laws  not  reoeived.) 
OpenieMooK  Dateiindutive. 

Opossum Oct.     1-Feb.2& 

Fox  (see exceptions) : Unprotected. 

Exception*:  In  Habersham  County Sept.  1-lfay  U. 

'    In  Elbert,  Madison,  and  Oglethorpe  Counties Sept.   1-Feb.  1. 

Other  fur  animals Unprotected. 

Prohibited  methods:  No  restrictions. 

Licenses:  Hunting  license  required  to  trap:  Resident, State  Hceose,  13;  county  license,  $1;  DonresidcDt^ 
State  license,  $15;  Issued  by  commissioner  or  county  warden.    License  not  required  to  trap  In  mlluis 
district  or  on  own  or  leased  land  during  open  season.    Permission  of  owner  required  to  tn^  on  lands  o( 
another. 
Poesesslon  and  sale:  No  restrictions. 
Shipment  and  export:  No  restrictions. 

Propagation :  No  restrictions  on  propagation  of  unprotected  fur  animals. 
Bountief:  None  paid. 

HAWAn. 

Hawaii  has  no  wild  animals  valoable  Ux  for.  There  are  no  restrictions  on  the  propagation  of  fur  animsli^ 
except  that  mongooses  and  rabbits  may  not  be  kept  or  bred.  Pet  rabbits  may  be  raised.  If  k^  in  oao- 
flnement. 

IDAHO. 
Open  seasdna: »  Data  indutim. 

Otter,  marten,  mink,  muskrat,*  raccoon,  fox,  fisher Oct.  l>Mar.Sl.* 

Bear,  mountain  1  ion,  wdf,  cpyote,  lynx,  bobcat,  jack  rabbit,  skimk,  weasel Unprotected.* 

Beaver No  open  season.* 

Prohibited  methods:  No  restrictions. 

Licenses:  Resident,  $5;  nonresident,  $25;  alien,  $50;  Issued  by  warden,  deputy,  <»*  authorised  agent.  So 

license  required  of  resident  women,  veterans  of  Civil  War,  or  of  children  under  12  years  of  age.    Licensed 

trapper  must  make  verified  report  at  end  of  season  of  number  and  kind  of  fur  caught,  where  sold,  lod 

the  price  received.    Unlawful  to  destroy,  disturb,  or  remove  traps  of  liqensed  trapper. 

Poeseasion  and  sale: *^  Skins  of  animals  legally  taken,  withhi  or  without  State,  may  be  iMissessed  or  aold 

at  any  time. 
Shipment  and  export:  No  restrictions. 

Miscellaneous:  Unlawful  to  use  flesh  of  any  game  animal  for  trap  bait. 
Propagation:  Permit  from  State  warden  required.    Permittee  must  make  volfled  yearly  report  showing 

nimiber  of  animals  kept  in  captivity,  number  sold,  and  number  on  hand. 
Beuntlet:  Coyote,  lynx,  or  wildcat,  $2.50  each;  bear  or  wolf,  $20;  mountain  lion,  $50;  paid  from  predatory 
wild  animal  fund.    Bounty  of  2  cents  each  d!a  poclcet  gopher,  ground  squirrel,  and  prairie  dog;  admin- 
istered through  the  State  live-stock  sanitary  board  of  the  State  Department  of  Agriculture. 

» Idaho:  Person  may  protect  own  premises  from  depredations  of  fur  animals,  under  permit  from  Statt 
warden. 

»  Muskrats  may  be  destroyed  in  irrigated  districts,  but  muflkiat  housea  may  not  be  distorbed  exoq>t 
under  permit  of  State  warden. 

M  In  Black  Lake  Game  Preserve  beaver,  otter,  marten,  fisher,  fox,  mink,  and  wolverine  are  protected  at 
all  times;  mountain  Hon,  bear,  lynx,  wolf,  coyote,  and  wildcat  may  be  destrosred  only  by  game  wardens 
or  duly  authorized  persons. 

In  Payette  Game  Prcser\-e  bear,  lynx,  wolverine,  fox,  otter,  beaver,  marten,  mink,  and  fisher  are  pro- 
tected at  all  times;  mountain  lion,  timber  wdf,  coyote,  and  wildcat  may  be  killed  only  by  game  wazdent 
or  duly  authorized  persons. 

In  Sclway  and  Big  Lost  River  Game  Preserves  beaver,  otter,  marten,  fisher,  fox,  and  mink  are  pro- 
tected at  all  times;  mountain  lion,  bear,  lynx,  wolf,  coyote,  wolverine,  and  wildcat  may  be  killed  only  by 
game  wardens  or  duly  authorized  persons.  In  Big  Lost  River  Preserve  badger,  weasel,  skunk, and  rabbit 
may  be  killed  by  any  one  without  permit. 

In  Big  Creek  Game  Preserxe  beaver,  otter,  marten,  fisher,  fox,  and  mink  are  protected  at  all  times; 
mountain  lion,  lynx,  t  imT)€r  wolf,  coyote,  and  wildcat  may  be  killed  only  by  game  wardens  or  duly  author 
ized  persons. 

*»  State  warden  may  grant  permits  to  take  beaver  when  doing  damage  to  Irrigation  canals,  crcps,  etc. 
Pelts  of  animals  taken  must  be  turned  over  to  warden  for  sale,  half  the  proceeds  going  to  the  ttapptr,  Poe- 
seasion of  beaver  hides  otherwise  prohibited. 
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ILLINOIS. 

Opaiscasoiii:^  Datet  indtuive. 

Baococm,  mink,  muskrat,  skunk,  oposmm,  fox,  otter Nov.  1-Mar.  15. 

Other  fur  animals Unprotected. 

Pntalbitod  methods:  Unlawful  to  use  si>ear  or  similar  device  foe  hunting  or  taking  fur-bearing  animals, 
or  explosives,  chemicals,  or  mechanical  devices  or  smokers  of  any  kind  to  drive  them  out  of  their  burrows, 
dens,  or  houses.  Use  of  automobile  or  vehicle  propelled  by  mechanical  power,  or  the  lights  thereof,  or 
ferret  in  hunting  or  taking  fur-bearing  animal  prohibited. 

Ucenset:  Resident,  $1;  nonresident,  $10.50;  iasaed  by  county,  city,  or  village  clerk.  License  not  required 
of  landowners  and  tenants  and  members  of  families  to  trap  during  open  season  on  the  lands  on  which  they 
r^ide.  License  not  issued  to  person  under  16  years  of  age  without  written  consent  of  parent  or  guardian; 
nor  to  alien.  Licensee,  on  or  before  April  15,  must  report  all  hides  of  fur  animals  taken,  sold,  shipped, 
or  dealt  in,  together  with  names  and  addresses  of  persons  to  whom  sold  or  shipped.  Permission  from 
owner,  agent,  or  occupant  required  to  trap  on  land  of  another. 

Pwmewlon  and  sale :  Possession  of  green  hides  prohibited  except  from  November  1  to  March  25.  No  other 
restrictions  on  p(»session  and  sale. 

Shipment  and  export:  No  restrk^ions  on  skins  legally  taken  and  possessed. 

Propagation:  Permit  required  to  conduct  a  fur  farm  on  which  protected  animals  are  reared;  fee,  12. 

Bounties:  None  paid  by  State;  counties  may  pay  bounty  on  groundhog  and  crow. 

INDIANA. 

Open  seasons:  v  IkOet  indtuive, 

Beaver,  raccoon,  fox,  otter,  opossum,  skunk Nov.  20-Feb.  2. 

Mink,  muskrat Nov.  1-Mar.  31. 

Other  fur  animals Unprotected. 

inhibited  meOiods :  Traps  set  on  land  of  another  must  be  placed  at  least  18  inches  within  bmrow  or  hollow 

log  and  must  be  visited  at  least  once  in  each  3d  hours.    Muskrat  houses  protected  except  when  obstruot- 

^  ditches  or  watercourses. 
liccBses:  None  required  of  residents;  nonresident,  $15.50;  issued  by  clerk  circuit  court.    Written  consent 

of  owner,  occupant,  or  lessee  required  to  trap  on  land  of  another. 
IViwiiiiuii  and  sale:  Possession  of  fur  animals  or  green  hides  prohibited  during  close  season.   No  other 

Rsuictions. 
Shipment  and  export:  Norestrk^tions  on  skins  legally  taken  and  possessed. . 
Pnpagation:  All  animals  raised  in  captivity  are  considered  domestic  stock,  and  the  owner  may  possess, 

wU,  ship,  transport,  or  otherwise  dispose  of  them  without  regard  to  laws  regulating  the  killing  and  dispo- 
sition of  wild  animals.    An  inspection  certificate,  fee  $10,  must  be  obtained  from  the  Department  of 

Conservation. 
BoonUes:  Boards  of  county  conunissioners  may  pay  bounty  on  wolf,  fox,  woodchuck,  crow,  owl,  or 

hawk. 

IOWA. 
Opes  seasons:  Datet  indtuive. 

Beaver,  mink,  otter,  muskrat Nov.  IS-Mar.  15.« 

Other  for  animals Unprotected. 

Pnhibited  methods:  No  restrictions. 

licenses:  Hunting  Uoense  required  to  trap:  Resident,  $1;  nonresident,  $10.50;  issued  by  county  auditor. 

License  not  issued  to  person  under  18  years  of  age  without  written  consent  of  parent  or  guardian.    Owners 

of  bum  lands,  their  children,  and  tenants  may  trap  on  own  land  without  license  during  open  season. 

Permission  of  owner,  occupant,  or  agent  required  to  hunt  fur  animals  with  dog  or  gun  on  cultivated  or 

inclosed  land  of  another. 
Posseeskm  and  sale:  Possession  and  sal^  of  beaver,  mink,  otter,  and  muskrat  prohibited  except  during 

open  season  and  first  5  days  of  close  season. 

t  and  export:  Export  of  protected  fur  animals  prohibited. 
;  No  restrictions  except  as  to  possession  of  protected  species. 
Bounties:  Adult  wolf,  $10;  wolf  cub,  $1;  paid  by  county.    Boards  of  supervisors  of  counties  may  allow 

bounty  on  crow,  groundhog,  pocket  gopher,  or  rattlesnake. 

KANSAS. 
Open  seasons:  Dates  indtuive. 

Muskrat,  skunk,  mink,  raccoon,  opossum,  civet  cat Nov.  16-Mar.  14.» 

Beaver,  otter No  open  season.^ 

Other  fur  animals Unprotected. 

** ItHndt:  Houses  and  dens  of  fur-bearing  animals  protected  except  when  obstructing  public  or  private 
ditches  or  watercourses. 

'^  Indiana:  Protected  fur  animals  may  be  killed  at  any  time  on  one's  own  premises  to  protect  property. 

■  /ovs:  Fur  animals  may  be  destroyed  at  any  time  to  protect  public  or  private  proi)erty. 

*  Kanaa*:  Owner  or  legal  occupant  of  land  may  destroy  these  animals  at  any  time  when  they  are  de- 
stroying poultry  or  damaging  other  property. 

*Eq»ire8lnl92L 
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Pitflilblted  meChoda:  No  restriotioDs. 

Licenses:  None  required.    Written  consent  of  owner  or  lesse^  required  to  hunt  or  UU  wild  animals  on 

land  of  another. 
Possession  and  sale:  No  restrictions  on  sldns  legally  taken. 
Shipment  and  ezpoit:  No  restrictions  on  skins  legally  taken. 
Propagation:  No  legislation. 
Bounties:  Coyote,  $1;  wolf,  $6;  orow  and  pocket  gopher,  5  oeots  each;  paid  by  ooonty. 

KENTUCKY. 

Open  seasons:"  DaU*  indutive, 

Beaver,  mink,  raccoon,  fox,  otter,  opossum,  skunk Nov.  15-Dec.31.» 

Other  fur  animals Unprotected. 

Prohibited  methods:  Traps  must  be  set  18  Inches  or  more  within  a  hole,  cave,  or  hoUow  log,  and  must  be 
visited  within  each  36  hours. 

Licenses :  None  required .    Written  consent  of  owner  or  lessee  required  to  trap  on  lands  of  another. 

Possession  and  sale :  Possession  of  green  skins  during  close  season  prima  fiaole  evidence  of  unlawl^  taking. 

SlUpmeni  and  eipoit:  No  restrictions  on  skins  legally  taken. 

Propagation:  No  legislation. 

Bounties:  None  paid. 

LOUISIANA. 
Open  seasons:  DaU*  tnOuHoe. 

Bear" Nov.  1-Feb.  15. 

Muskrat,  mink,  otter,  raccoon,  skunk,  fox,  opossum Nov.  l-4an.3L*< 

Beaver No  open  aessoo. 

Wolf,  fox,  wildcat,  cougar Unprotected.* 

Prohibited  methods:  Unlawful  to  trap  bear.    No  other  restrictions. 

Licenses:*^  Resident,  $2;  nonresident,  *>  $15.    Issued  by  tax  collector. 

Possession  and  sale :  Sale  of  skins  prohibited  during  close  season,  but  skins  legally  taken  may  be  possiswl 

at  any  time. 
Shipment  and  export:  All  shipments  must  bear  tags  furnished  by  commissioner.    Export  of  besrer 
taken  in  State  prohibited;  also  of  bear,  except  under  written  permission  of  the  commissioner.    No  other 
restrictions  on  skins  legally  taken  or  possessed. 
Miscellaneous:  Use  of  birds  for  trap  bait  prohibited. 

Propagation:  Fur  animals  for  breeding  purposes  may  not  be  captured  except  under  restrictions  specified  in 
permits  issued  by  Department  of  Conservation.    Permit  from  the  department  is  required  to  Import  wUd 
quadrupeds  into  the  State  or  to  export  them  from  the  State. 
Bounties:  None  paid. 

MAINE. 
Open  seasons:'*  DaUa  indutke. 

Muskrat Oct.  15-May  i4.« 

Raccoon Aug.  l^-Fsb.  28. 

Beaver No  open  season." 

Bear,  bobcat,  Canada  lynx  (loup  oervier),  weasel Unprotected. 

Other  fur  animals : Oct.  15-Feb.  28."' 

Prohibited  methods:  Unlawful  to  use  snare,  swivel,  pivot,  or  set  gun,  or  to  put  out  poison  tor  any  animals. 
Traps  may  not  be  set  vithm  25  feet  of  a  muskrat  house.  Unlawful  to  dig  out  a  fox  den.  Owner's  name 
and  address  must  either  be  plainly  stamped  on  the  trap  or  on  a  metal  tag  firmly  attached  to  it.  A  bear 
trap  must  be  inclosed  in  a  "  hut." 

<i  Kentucky:  Fur  animals  may  be  killed  at  any  time  on  one's  own  premises  to  protect  property. 

n  Raccoon,  opossum,  skunk,  and  mink  may  also  be  taken  with  gun  or  dog  from  Oct.  1  to  Feb.  15. 

M  Louisiana:  Bears  may  be  killed  at  any  time  on  one's  own  land  when  actually  damaging  property. 
Nonresidents  coming  into  State  to  hunt  bears  required  to  report  in  writing  to  Department  of  Cooservatiao 
on  oi; before  arrival  at  destination. 

**  Muskrats  may  be  killed  at  any  time  when  damaging  any  levee,  and,  under  permit  of  Department  of 
Conservation,  to  prevent  damage  to  cultivated  or  pasture  land;  any  fur  animal  may  be  killed  by  the 
owner  of  land  upon  which  it  is  destroying  property. 

»  Wolves,  foxes,  and  wildcats  hunted  for  sport  may  be  taken  in  any  manner  at  any  time,  and  may  be. 
possessed  by  the  lawful  holder  of  a  State  hunting  license.     , 

M  Maine:  Any  person  may  lawfully  kill  any  wild  animal,  except  beaver,  found  destroying  his  property. 

>?  Special  laws  on  muskrat,  otter,  fisher,  and  mink  in  certain  localities  in  Oxford  and  Wadilngton 
Counties.    For  information  apply  to  Conunissioner  of  Inland  Fisheries  and  Game,  Augusta. 

w  Commissioner  of  inland  fisheries  and  game,  upon  written  complaint  of  landowner  that  beavers  are 
doing  substantial  damage  to  his  property,  may  declare  special  local  open  season  on  them  (tes  **  Licenses"). 
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Loivs  Relating  to  Fur-Bearing  Animals,  i920.  13 

Required  to  trap  to  animals  (exoept  bear  and  bobcat)  in  unorganiied  townships:  fee,  110; 
issued  bj  oommisslooer.  Lioeosee,  (m  or  before  December  15  of  eadi  year,  must  make  such  report  as 
the  commissioner  may  require.  Written  consent  of  the  owner  or  occupant  must  be  obtained  before 
setting  traps  oh  the  lands  of  another  in  an  organized  county  or  incorporated  plape;  such  traps  must 
be  visited  at  least  once  in  every  24  hours  and  any  animals  cMight  removed. 

Special  beaver-trapping  license,  good  only  in  territory  opened  to  beaver  trapping  by  commissioner, 
lee,  65.  Dealer  in  skins  must  be  licensed  (fee.  State,  t25;  county,  t2),  and  must  keep  a  record  of  trans- 
actions and  forward  same  to  the  commissioner  of  inland  fisheries  and  game  on  or  before  December  20  of 
each  year. 

BBMeastai  and  sale:  Sale  of  beaver  skins  without  seal  of  commissioner  attached  prohibited.  No  other 
restrictions  on  skins  legally  taken. 

SWpment  axid  export:  Transportation  of  beaver  skins  without  seal  of  commissioner  attadied  i>rohiblted. 
No  other  restrictions  on  skins  legally  taken. 

PsBpagitton:  Permit  required  to  raise  fur  animals  (fee,  12).  Protected  species  may  be  taken  under  special 
pennits  by  hoensed  tn^ypers  for  breeding  purposes.  No  animals  may  be  Imported  into  the  State  without 
poxnit. 

Benntias:  Bobcat  and  Omada  lynx  (k>up  cervier),  110  each;  paid  by  State;  claim  to  be  made  within 
five  days  after  killing  or  return  from  trip  on  which  kUhng  was  done.  Bear,  $6;  paid  by  State;  claim 
to  be  inade  within  10  days  after  killing. 

MARYLAND. 

Open  seiaoos:  Datu  incltuive. 

Otter,  naiskrat Jan.  1-Mar.  15. 

Other  fur  animals  (except  locally,  as  follows) •. Unprotected. 

Raccoon: 

In  Allegany  County Sept.    l-Mar.  31. 

In  Anne  Arundel  and  Prince  Qeorges  Ck)unties Oct.     1-Jan.   81.** 

In  Baltimore  County Oct.     1-Feb.  28.« 

In  CaroUne  County Sept.  15-Mar.  81. 

In  Dorchester  Coun  ty N o v.  10-lfar .  16. 

In  Harford  County Oct.    2-Nov.  dO. 

In  Kent,  Queen  Anne,  Somerset,  and  Wicomico  Counties Jan.     1-Mar.  81. 

In  Montgomery  Onmty Oct.   15-Jan.   14. 

Opossum: 

In  Allegany  County Sept.   1-Mar.  81. 

In  Baltimore  County Oct.     1-Feb.  38.« 

In  Montgomery  County Oct.   15-Jan.   14. 

In  Washington  County Dec.    1-Mar.  81. 

Mink: 

In  Washington  County Dec.    1-Mar.  81. 

In  Worcester  County Dec.  15-Mar.    l.« 

Skunk: 

In  Washington  County Dec.    1-Mar.  81. 

Fox: 

In  Caroline  County No  open  season.* 

In  Carroll  County No  open  season,* 

In  Worcester  County  (chase  with  dogs) , Sept.    1-Mar.    9. 

All  fur  animals  (except  as  above  mentioned): 

In  Frederick  County Nov.  15-Feb.  28.« 

In  Harford  County  (trappmg) Nov.  15-Dec.  24. 

Pnhibited  methods:   Unlawful  to  take  or  kill  otter  or  muskrat  in  any  manner,  except  by  gigging  or 
trapping:  to  dig  for  muskrat  or  in  any  manner  molest  or  destroy  any  i>art  of  a  muskrat  house  or  den. 
(bounty  restrictions  as  follows: 
Amu  Arundel  CbutUy.— Unlawful  to  cut  down  tree  to  obtain  a  raccoon. 
BaUimore  CbUTtfy.— Unlawful  to  hunt  raccoon  or  opossum  on  Sunday  or  when  snow  covers  the  ground. 

»  Maryland:  Anne  Arundel  and  Prince  Georges  Counties.— BMscoon  may  not  be  taken  between  sunrise 
and  sunset. 

^Baltimore  Cbufrfjf.— Unlawful  to  set  traps,  except  from  Nov.  10  to  Dec.  20,  for  mink,  weasel,  skunk, 
raccoon,  opossum,  or  fox.  Permits  to  take  certain  predatory  fur  animals  when  destroying  property  may 
be  obtabied. 

*i  Worcester  Cbun/y.— Unlawful  to  take  mink  on  land  of  another  without  permission  of  owner. 

«  Caroline  and  Carroll  OtmrrfiM.— Unlawful  to  kill  a  fox  except  by  hounds  In  a  hunt  or  when  the  fox  is 
<to5troying  poultry. 

*  Frederick  Ctoun/y.— Raccoons  or  opossums  may  be  hunted  with  dogs  at  night  at  any  time.  Land 
owners  may  protect  property  from  ravages  of  fur  animals. 
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Hunting  license  required  to  trap:  Resident,  State,  15.10;  oounty,  11.10;  nonresident,  110.25 
(fee  $5.25  for  State  license  if  applicant  owns  real  estate  in  Maryland  assessed  at  t500:  11.25  for  county 
license  in  county  where  such  real  estate  is  located);  issued  by  clerk  of  circuit  court— in  Baltimore  Cl^ 
by  clerk  of  court  of  ^ommon  pleas.    License  not  issued  to  i>erson  under  14  years  of  age  without  written 
request  of  parent  or  guardian.    Owners,  tenants,  and  their  children  may  hunt  on  own  land  during  opeo 
season  without  license. 
Possession  and  sale:  Possession  of  green  hides  of  otter  or  muskrat  prohibited  except  from  January  1  to 
March  25.    No  other  restrictions  on  possession  and  sale  of  skins  legally  taken.    County  restrictions  as 
follows: 
AUegany  and  Baltimore  Counties.— PoBsossiaD.  of  raccoon  and  opossum  prohibited  during  dose  season. 
Anne  Arundel  and  Prince  Oeorges  Ooun^iM.— Possession  of  raccoon  during  close  season  prohibited. 
Harford  CbuTUy.—SeUe  of  raccoon  for  export  from  county  prohibited. 
Shipment  jmd  eiport:   No  restrictions  on  skins  legally  taken  and  possessed,  except  that  laoooons  may 

not  be  removed  from  Harford  County. 
Propagation:  No  legislation. 

Bounties:  A  State  bounty  of  50  cents  each  on  bird  hawk,  or  chicken  hawk,  killed  in  State,  paid  from  State 
game  protection  fund.  Oarrett  Oountp:  Wildcat,  $4;  fox,  12;  mink,  weasel,  hawk,  or  owl,  50  cents 
each;  paid  by  county  treasurer. 

MASSACHUSETTS. 
Open  8easons:«4  Date*  inctusive. 

Mink,  otter,  skunk,  raccoon  (see  exception) Nov.  1-Mar.  1. 

Exception:  Raccoon  may  also  be  hunted  with  dog  and  gun  during  October. 

Muskrat Nov.  1-Apr.  30. 

Other  fur  animals , '. Unprotected. 

Prohibited  methods:  Unlawful  to  open,  disturb,  or  destroy  muskrat  house  or  to  set  trap  within  10  feet 
thereof.  Traps  must  be  marked  legibly  with  owner's  name  and  must  be  removed  at  end  of  open  season. 
Poison  may  not  be  used  to  Idll  animals,  except  rats,  woodchuoks,  or  other  pests  on  one's  own  premises. 
The  use  of  steel  traps  with  spread  of  over  6  inches  and  "choke"  traps  with  greater  opening  than  6  incfass 
is  unlawful  as  is  also  the  use  of  snares  or,  except  with  consent  of  landowner,  of  scented  baits. 
Bag  limits:  Tweuty-Ave  raccoon  a  season. 

Licenses:  None  required.    Written  consent  of  owner  reqttiied  to  trap  on  land  of  another.    Tiapemastbe 
visited  at  least  once  in  24  hours.   Animals  may  be  removed  from  traps  on  Sunday,  but  traps  may  not 
be  set  or  reset  on  such  day. 
Possession  and  sale:  No  restrictions  on  sldns  legally  taken  during  open  season. 
Shipment  and  eiport:  No  restrictions  on  skins  legally  taken  during  open  season. 
Miscellaneous:  Introduction  of  fox  or  laoooon  in  Dukes  County  prohibited. 
Propagatfcm:  No  legislation. 
Bounties:  Seal,  $2  (by  Commonwealth);  wUdoat  or  lynx,  $5;  paid  by  town,  but  refunded  by  county. 

MICHIGAN. 

Open  seasons: «  Dates  irtdusiPi. 

Beaver  (see  exception) Nov.  i-Apr.  15.« 

Exception:  In  Cheboygan,  Montmorency,  Otsego,  and  Presque  Isle  (bounties Closed  ontU  Deo. 

20,1022. 

Otter,  mink,  fisher,  marten Nov.  16- Feb.  14. 

Raccoon Oct.  15-Dee.  31. 

Muskrat,4»  in  Manistee,  Wexford,  Missaukee,  Roscommon,  Ogemaw,  Iosco,  and 

all  counties  north  thereof Oct.  16-Apr.l4. 

In  rest  of  State Deo.  16-Mar.  31. 

Bear,  skunk,  wolf,  coyote,  fox,  lynx,  wildcat Unprotected. 

Prohibited  methods:  Unlawful  to  use  spears,  explosives,  chemicals,  mechanical  devices,  or  smokers  to 
drive  animals  from  their  holes  or  homes;  to  shoot  muskiats  except  with  a  .22  caliber  nfle,  or  to  set  a  txnp 
within  6  feet  of  a  muskmt  house  or  hole. 
Licenses:  Resident,  $1;  nonresident,  $10;  special  beaver  trapping  license  for  taking  15  beaver,  but  not 
more  than  4  from  a  single  colony,  110;  issued  by  county  derk.  A  hunting  license  also  permits  the  holder 
to  trap  fur-bearing  animals,  except  beaver,  lifinor  children  under  17  years  of  ago  may  hunt  or  trap  during 
open  season  on  the  enclosed  lands  of  their  parents  upon  which  they  live,  without  a  Uoense.  license  to 
hunt  or  trap  on  other  lands  Issued  to  minors  over  12  and  under  17  on  application  of  parent  or  guardian, 
but  such  licensed  minors  while  hunting  or  trapping  must  be  accompanied  by  parent  or  guardian. 

**  Massachusetts:  Fur  animals  unprotected  in  Dukes  and  Nantucket  Counties. 

4*  Michigan:  Houses  or  dams  of  fur  animals  protected  at  all  times.  Fur  animals,  except  beaver,  may 
be  destroyed  under  permit  from  commissioner,  op  one's  own  premises  to  protect  property,  but  hides 
must  be  properly  cared  for  and  turned  over  to  commissioner  at  expiration  of  permit.  Unlawful  to  trap 
on  State  game  preserves  or  to  trap  beaver,  badger,  or  muskrat,  in  and  within  2  miles  of  any  city  public 
park  containing  over  200  acres,  of  which  150  acres  or  more  is  woodland. 
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Laws  Relating  to  Fur-Bearing  Animals,  1920.  15 

I  and  Mle:  Possession  of  beaver  skins  without  license  seal  attached,  or  the  carcass  or  skin  of  fur 
B  killed  In  close  season  im>hibited. 
t  and  eipait:  No  restrictions  on  sldns  legally  taken,  possessed,  or  tagged. 

:  Annual  license  (fee,  95)  required  to  engage  in  raising  fur  animals.    Uve  animals  and  skins  of 
snimab  cdsed  in  captivity  must  be  tagged  (fee,  5  cents  for  each  tag). 
Bouolks:  Wolf,  %iS;  wolf  cub  under  6  months.  $15;  coyote,  same  as  wolf;  wildcat  or  lynx,  15;  fox,  $1;  weasel, 
vooddnick,  hawk,  or  owl,  50  cents;  paid  by  county,  one-half  refunded  by  State.    Boards  of  supervisors 
may  pay  additional  bounties. 

MINNESOTA. 

Ofcnaaasons:  Datainclusipe. 

Raoooon Oct.  15- Mar.  1. 

Mink,  fisher,  marten,  musktat Dec.  1- Apr.  l.« 

Beaver,«  otter No  open  season. 

Blidc  bear,  skunk,  weasel,  wolf,  wildcat,  lynx,  fox Unprotected. 

Pnhlbitod  medwda:  Unlawful  to  molest  or  destroy  muskiat,  mink,  or  beaver  house,  den,  dam,  or  abiding 
place;  to  hunt  these  animal.?  with  dogs;  or  to  take  muskrats  in  any  manner  except  by  trapping. 

Lkaoaea:  Resident  only  fee,  $1;  issued  by  oonunissioner,  who  also  issues  licenses  (fee,  II,  bond,  1500)  to 
ttap  a  limited  number  of  beaver  in  any  locality;  licensee  must  report  number  of  beaver  taken  within  5 
days  after  expiration  of  license.  Owners,  lessees,  or  members  of  their  immediate  families  may  hunt  with- 
oat  Uoense  during  open  season  on  own  or  leased  land  occupied  by  them  as  permanent  residence.  Unlaw- 
ftil  to  enter  growing  grain  for  purpose  of  killing  any  wild  animal  without  permission  of  owner. 

PoMsaaioii  and  aala:  Skins  of  beaver  legally  taken,  when  tagged  (fee,  13),  and  skins  of  other  fur  animals 
legally  taken,  may  be  possessed,  bought,  or  sold  at  any  time. 

SUpmaot  and  espoft:  Skins  of  beaver  legally  taken,  when  tagged  (fee,  13),  and  other  skins  legally  taken  may 
be  tiaosported  at  any  time.  Export  of  red  fox  cubs  taken  In  State  prohibited.  Package  or  receptacle 
containing  wild  animals  or  parts  thereof  when  transported  by  a  common  carrier  must  have  attached  a 
proper  coupon  tag  beailng  signature,  address,  and  license  number  of  shipper  together  with  number  and 
kiods  of  animals  or  parts  thereof  contained  therein. 

Piapagatioii:  Wild  animals  raised  in  captivity  under  a  II  pennit  f^om  the  State  game  and  fish  oommis- 
lioDer  may  be  sold  for  breeding  or  stocking  purposes  at  any  time,  and  under  regulations  of  the  commis- 
sioner may  be  killed  and  any  part  thereof  sold  or  transported.  Under  regulations  of  the  commissioner, 
wild  anlTTiBals  may  be  captured  during  the  open  season  for  breeding  purix>see. 

BMDtiea:  Wolf,  I7JS0;  cub  wolf,  13;  paid  by  State.  County  or  town  boards  may  offer  bounty  on  wolf, 
pqther,  groand  squirrel,  groundhog,  rattlesnake,  crow,  or  blackbird. 

mssissiPPL 

Dfcn  aaaaooi:  DaU$  inclusive. 

beat Nov.  15- Mar.  1. 

Other  fur  ^Miinmia Unprotected. 

Pnhibited  medMda:  Unlawful  to  trap  bear. 

Uccoaea:  Nonresident, JI30  (county  Ikense.  bears  only);  issued  by  sheriff.    Landowners  and  their  non- 
resident relatives  and  friends  may  hunt  without  license  during  open  season  on  own  lands. 
Pwf—laa  and  aale:  Sale  of  bears  prohibited. 

Shipment  and  export:  Export  of  bears  prohibited.    All  packages  containing  dead  animals,  or  parts 
thereof,  shipped  within  the  State  shall  be  open  to  view,  clearly  marked  with  names  of  the  consignor 
tnd  consignee,  and  an  Itemiced  statement  of  the  number  of  each  species. 
Pnpagatloo:  No  legislation. 
9oantlea:  None  paid. 

MISSOURL 

3pea  aaaaans:  Dates  inclusive. 

AUfuranimak Nov.  1-Jan.  31.« 

tboda:  Use  of  poison  In  taking  any  protected  animal  prohibited. 
None  required.    Written  permission  required  to  trap  on  inclosed  premises  of  another. 

1  aala:  Unlawful  to  possess,  sell,  or  offer  for  sale  pelts  of  fur  animals  taken  out  of  season. 
SUpmant  and  eiport:  No  restrictions,  except  that  furs  taken  out  of  season  may  not  be  possessed  for  any 
purpose. 

PnpiCBtlan:  Permits  to  Cloture  fur  animals  for  propagating  purposes  may  be  obtained  from  the  State 
game  and  fish  commissioner,  fee,  15;  breeder's  permit,  fee,  15. 
Bsottdea:  Adult  wolfor  coyote,  $6;  young  wolfor  young  coyote,  13;  paid  by  county  and  one-half  refunded 
by  State. 

**  Minnesota:  Owner  may  obtain  permit  to  kill  muskrat,  mink,  or  beavor  or  to  destroy  their  houses  or 
lams  when  t^Am^L^n^  his  property. 

•^  A  limited  number  of  beaver  may  be  taken  under  a  special  license  from  the  commissioner  (»ee  "  Licenses") . 

<  i/inosri-  Fur  animals  may  be  destroyed  at  any  time  and  in  any  way  to  protect  premises  Irom  their 
(fepcedatkms,  and  pelts  of  animals  ao  killed  may  be  marketed. 
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MOIVTANA. 

open  Maaoni:  Dates  ifnOutkie. 

Marten ;. Sept  IS-May  1. 

Beaver No  open  season.* 

Other  fur  animals ^ Unproteeted. 

PfBhlbtted  methods:  No  restrictions. 

Licenses:  Marten,  II;  other  fur  animals  (except  heaver,  wolf,  coyote,  and  mountain  lion),  |l.fiO; special 
permit  to  trap  beaver  or  to  sell  or  ship  their  skins  required;  special  license  (trapping  on  State  game  pre- 
serves), $5;  issued  by  State  game  warden. 
roeBasaion  and  sale:  Sale  and  shipment  of  heaver  skins  prohibited,  except  that  skins  legaUy  taken  may 
be  shipped  or  sold  under  permit  from  the  State  game  warden  by  the  persons  killing  the  animals,  but 
permittees  must  report  name  of  purchaser  and  number  of  skfais  sold.  No  other  restrictions  on  skins 
legaUy  taken. 
Sl^ipment  and  export:  (See  Possession  and  sale.)   No  restrictions  on  skins  legally  taken,  possessed,  or 

tfl^d. 
Propagation:  No  legislation. 

Boontlee:  Grown  wolf,  115;  wolf  pup,  coyote,  or  coyote  pup,  $2.60;  mountain  lion,  $10;  paid  from  State 
bounty  fund. 

NEBRASKA. 
Open  seaaona:  Dates  inehuive. 

Muskrat,  otter,  mink,  raccoon,  opossum Nov.  1-Feb.  W* 

Beaver No  open  season.* 

Other  fur  animals Unprotected. 

Prohibited  methods:  Unlawful  to  destroy  muskrat  houses  on  premises  of  another.   No  other  restriotioos. 
Licenses:  None  required.   Consent  of  owner  required  to  trap  on  premises  of  another. 
Possession  and  sale:  No  restrictions  on  sidns  legally  taken. 
Shipment  and  export:  No  restrictions  on  skins  legally  taken. 
Pn^agation:  No  legislation. 

Boonttes:  Counties  that  have  voted  at  any  general  election  to  pay  bounties  may  pay  for  wolf,  $6;  coyote, 
$3;  wildcat,  $1;  mountain  lion,  13. 

NEVADA. 

vpen  Maaons. 

AU  fur  animals Ui^ffoteeted. 

Proiiibtted  methods:  No  restrictions. 

Llcenies:  None  required. 

PoesesBlon  and  sale:  No  restrictions. 

Shipment  and  export:  Permit  required  to  export  beaver  or  other  fun. 

Propagation:  Game  or  fur  animals  (except  beaver)  raised  in  a  licensed  preserve  (fee,  HO)  may  be  sold  or 

shipped  at  any  time  under  invoice. 
Bounties :  Mountain  lion,  S5 ;  lynx  or  wildcat,  12;  paid  by  oounty.    Counties  pay  bounty  of  li  cents  eadi 

for  pocket  gophers  when  at  least  100  heads  are  presented  at  one  time. 
The  State  board  of  live  stock  commissioners  is  authorised  to  pay  bounty  from  funds  derived  from  tax 

on  horses,  cattle,  and  hogs.    The  rewards  for  coyote,  coyote  pup,  wUdoat,  or  lynx  are  76  cents  each; 

for  mountain  lion,  $5. 
The  State  board  of  sheep  oonunlssloners  is  authorized  to  pay  bounty  tnjm  funds  derived  from  tax  on 

sheep,  the  payments  being  the  same  as  those  made  by  board  of  live  stock  commissioners. 

NEW  HAMPSHIRE. 

Open  seasons  :M  Dates  indmise. 

Sable,  otter,  fisher,  mink,  marten,  muskrat,  u  skunk,  fox  M Nov.  1-Feb.  2& 

Raccoon Nov.  1-Dec  ».•• 

Beaver No  (q>en  season. 

Other  fur  animals Unprotected. 

**  Montana:  Unlawful  to  kill  beaver,  except  under  a  special  lioenae  f^om  the  State  game  warden,  but 
taxpayers,  owners  of  real  estate  in  the  State,  or  their  authorized  agents  may  kill  beaver  on  their  ovn 
premises  lor  the  protection  of  their  ditches,  dams,  etc.;  such  killing  must  be  reported  in  writing  to  the 
State  game  warden  within  30  days.  • 

••Nebraska:  Season  applies  to  trapping  on  premises  of  another,  hot  fur  animals,  except  beaver,  may  he 
taken  at  any  time  when  necessary  for  the  protection  of  property. 

»i  Beaver  damaging  property  may  be  killed  on  own  land  under  a  permit  firam  chief  deputy  game  and 
fish  commissioner. 

ft>  New  Hampshire:  Fur  or  predatory  animals  may  be  killed  at  any  time  when  destroying  domestie  ani- 
mals or  fowls. 

M  Muskrats  may  also  be  taken  fk-om  the  waters  of  the  Conx^ecticut  River  during  the  month  of  Msrch. 

M  Raccoons  and  foxes  may  also  be  taken  by  use  of  dog  and  gun  during  the  month  of  October. 
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PBoMMted  maCbodt;  Bear  tnpe  most  be  aafegnarded  In  a  sutetantial  manner.  Use  of  aet  guns  or  snares 
is  prohibited.  Unlawftil  to  destroy  a  moskrat  house  or  set  a  trap  therein,  thereon,  or  at  the  entrance 
tbeceof. 

Lkeosss:  Resident,  SI ;  nonresident,  115 ;  issued  by  oommlssloner  or  agents.  License  not  required  of  resi- 
dent landowners  and  their  minor  children  to  trap  on  own  farm  lands  during  open  season.  No  person  may 
tnp  on  lands  of  which  he  is  not  the  owner  or  lessee  without  permission  of  owner.  All  metal 
iiBpa  must  be  legibly  marked  or  stamped  with  trapper's  name,  and  must  be  visited  at  least  once  every 
24  hours.  Unlawful  to  take  traps  of  another  or  to  remove  itir  animals  from  them.  Trajipers  are  liable 
for  any  damage  to  domestao  animals  by  tntpB. 

FMsesrien  and  sale:  PosseMlon  of  fur  animals  permitted  only  during  open  season,  but  skins  legally  taken 
may  be  bou^t  or  sold  at  any  time. 

SMpmaat  and  eiport:  No  restrictions  on  skins  legally  taken  and  jKissessed. 

mseenaneooa:  Unlawftil  to  tear  down  or  destroy  any  f^noe  or  wall,  leave  open  any  gate  or  bar,  or  trample, 
or  destroy  any  crop  on  land  of  another  while  trapi^g  or  pursuing  wHd  animals. 
a:  Permit  (fee,  12)  required  to  propagate  fur  animals,  game,  or  ISsh. 
s:  Bear,  |5;  hedgehog,  20  cents;  wUdoat,  $5;  paid  by  State,  throos^  the  setectmeo  of  towns. 


NEW  JERSEY. 

DaU$  indwive. 

Skunk,  mink,  muskrat,"  otter Nov.  15-Apr.  1. 

Raoooon Oct  1-Dec.  15. 

Beaver,  fox. , No  open  season.** 

Other  fur  animals Unprotected. 

taUUted  methods:  Muskrat,  skunk,  mink,  and  ottermay  be  taken  by  trap  only,  exoeptin  Salem  County, 

above  Mill  Creek,  where  they  may  be  taken  In  open  season  by  firearms  and  ll^t.    Unlawful  at  any  time 

to  disturb  the  lodge  or  nesting  chamber  of  muskrat. 
Ueenses:  No  trapping  license  required.    Hunting  license  required  in  falem  County  by  those  using  flre- 

sms:  fees,  resident  male  citizen  above  age  of  14,  $1.15;  nonresident,  110.15,    Aliens  (except  thoee  who 

ovn  real  estate  in  the  State  to  the  value  of  12,000  above  all  encumbrances)  not  permitted  to  hunt,  capture, 

or  kUl  any  wHd  animal,  except  in  defense  of  person  or  property,  and  may  not  own  or  possess  a  shotgun 

« ilfle.    Aliens  qualified  to  hunt  must  secure  nonresidont  license. 
I^BSBlon  and  aale:  Possession  of  raoooon  permitted  during  open  season  and  10  days  thereafter;  skins 

te^y  taken  may  be  possessed  or  sold  at  any  time.    Possession  of  live  fox  prohibited  except  by  permission 

of  board  of  fish  and  game  conmiissioners. 
Shipment  and  eiport:  Export  of  raccoon  prohibited,  except  by  nonresident  licensee.    No  other  restrio 

tions  on  skins  legally  taken  or  possessed. 
MbceDaneooa:  Unlawful  to  molest  traps  set  by  another  or  to  take  animals  caught  in  such  traps.    Unlaw- 
ful to  liberate  fox  in  State,  except  a  club  hunting  with  hounds  and  horses  may  liberate  foxes  caught  In 

State  for  purpose  of  pursuit  and  capture. 
Propagation:  No  restrictions  except  those  imposed  by  dose  seasons,  during  which  wild  animals  may  not  be 

taken  (or  breeding  purposes.    Breeder's  license  fee,  15. 
Biaiittea:  Fox,  $3;  wood6hook,amoimt,  not  exceeding 50  cents,  fixed  by  boanl  of  dumntreeholdeis;  paid 

by  counties. 

NEW  MEXICO. 

Beaver No  open  season.^ 

AH  other  ftir  animals Unprotected. 

Ddi:  No  restrictions, 
a:  None  required. 

I  and  sale:  No  restrictions  on  skins  legally  taken. 
t  and  eiport:  No  restrictions  on  skins  legally  taken. 
Prepagatloa:  Permit  fh>m  State  game  warden  required. 

Bouities:  Coyote,  wildcat,  or  lynx,.  $2;  wolf,  $15;  panther  or  mountaki  lion,  HO;  paid  from  county 
wHd-anlmal  fund. 

"  New  Jertep:  Muskrats  may  be  killed  at  any  time  by  owner  of  canal  or  dam  which  they  are  destroying. 
**  Board  of  fish  and  game  commissioners  may  grant  permits  to  hunt  foxes  with  hound  and  firearms  ftom 
the  last  day  of  the  open  season  for  doer  ( Dec.  25)  to  May  31 . 
">  New  Mexko:  When  destroying  property  beaver  may  be  killed  under  permit  from  State  game  and  fish 
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NEW  YORK. 
Open  MMom:  Doies  Im^ttulst, 

Mink,  sable \ Nov.  10-l£ar  15. 

Skunk Nov.  li)-Feb.  ia» 

Muskrat  (see  exoepUon) Dec.  1-lCar.  31. 

ExeepiUm:  In  Clinton,  Essex,  Franklin,  Hamilton,  Jefferson,  Lewis,  St.  Law- 
rence, Warren,  Washington,  and  that  portion  of  Herkimer  County  north  of  the 

towns  of  Ohio  and  Russia Dec.  l-Apr.  20. 

Raccoon..; Nov.  lO-Feh.  10. 

Beaver No  open  season. 

Problbited  methods:  Skunks  may  not  be  taken  by  the  aid  of  dogs  or  by  digging  out  or  driving  them  from 
dens  or  holes  by  smoking  or  by  the  use  of  chemicals.  Unlawful  to  kill  mnskrats  by  shooting,  except  they 
may  be  taken  with  a  22-caliber  rifle  in  the  couikies  bordering  upon  Lake  Champlain;  to  take  them  in 
box,  wire,  or  cage  traps;  or  to  molest,  injure,  or  disturb  muskrat  houses  or  dens. 
License  :  Resident,  11.10;  nonresident,  $10.50;  issued  by  county,  city  or  town  clerks.  Licensee  required 
to  wear  button.  Owners,  tenants,  and  members  of  Immediate  families  actually  occupying  cultivated 
farm  lands  may  trap  fur  animate  thereon  without  Ucense  during  open  season.  Ifinors  under  16  may  trap 
fur  animals  without  a  license. 
Possession  and  sale:  Fur  animals  may  be  possessed  during  open  season  only,  but  hides  of  fur  ft"*tnai« 

legally  taken  and  jxrasessed  may  be  bought  or  sold  at  any  time. 
Shipment  and  export:  Shipment  and  export  prtdiibited,  except  hides  of  fur  animals  legally  taken  and 

possessed  may  be  transported  at  any  time. 
Miscellaneous:  Traps  used  for  taking  fur  animals  protected  by  law  may  not  be  stak^  or  set  during  <dose 

season. 
Propagation:  Protected  ftu*  animals  may  be  kept  alive  in  captivity  for  propagation  and  sale,  under  license 
from  the  conservation  commission  (fee,  f5).  No  fur-bearing  animals  may  be  kept  which  are  taken  wild 
during  close  season  for  such  animals  (unless  taken  under  license);  nor  may  they  be  disposed  of  during 
close  season.  The  conservation  commission  isauthorized  toissue  license  tocapture  animals  for  propaga- 
tion; fee  for  permit,  $1. 
Bounties:  Panther,  $20;  paid  by  State, 

NORTH  CAROLINA. 

(More  than  half  of  the  100  counties  in  the  State  have  local  laws  relating  to  fur  animate.  InformatioD 
regarding  open  seasons,  license  requirements,  and  trapping  and  hunting  restrictions  in  the  counties  undv 
the  Jurisdiction  of  the  State  Audubon  Society  may  be  obtained  from  the  Secretary,  Audubon  Society  of 
North  Carolina,  Raleigh.] 

NORTH  DAKOTA. 
Open  seasoiks:  Datet  indutioe. 

Mink,  muskrat Nov.  16-Apr.  H.* 

Beaver Jan.l0-Mar.  la* 

Otter No  open  season. 

Other  fur  animals Unprotected. 

Prohibited  methods:  Muskrat  houses  are  protected  at  all  times. 

Licenses:  Resident,  12  (for  mink,  muskrat,  or  beaver);  nonresident,  125  (for  mink  and  muskimt  only); 
issued  by  commissioners,  deputies,  and  county  auditors.  License  not  required  of  persons  under  16 
years  of  age,  or  of  resident  or  member  of  family  residing  permanently  with  him,  to  trap  on  own  culti- 
vated land,  during  open  season.  Ahen  prohibited  from  hunting,  taking,  or  kUling  any  wild  animal, 
except  in  defense  of  person  or  property. 
Possession  and  sale:  Sldns  of  fur  animals  killed  within  or  without  the  State  may  be  possessed  or  sold  at 
any  time.  Oreen  hides  of  mink  or  muskrat  may  be  possessed  only  during  open  season  and  first  5  days 
of  close  season. 
Shipment  and  export:  Shipment  and  export  prohibited,  except  skins  of  fur  animals  legally  taken  within 

or  without  the  State  may  be  shipped  at  any  time. 
Propagation:  The  State  game  and  fish  board  issues  permits  (fee,  $5)  to  breed  and  domesticate  mink,  mask- 
rat,  skunk,  and  raccoon,  and  also  permits  to  sell  or  ship  them  when  raised  in  captivity.    Under  permit 
from  board  and  1500  bond,  wild  fur  animate  may  be  taken  at  any  time  for  breeding  purposes.    Annual 
reports  are  required  of  licensed  breeders. 
Bounties:  Wolf,  coyote,  12.50. 


M  New  York:  If  injuring  property,  skunks  may  be  taken  at  any  time  and  in  any  manner,  but  the  skins 
of  animate  so  taken  shall  not  be  jiossessed,  sold,  bought,  or  trafficked  in. 
w  North  Dakota:  Mink  or  muskrat  may  be  killed  at  any  time  to  protect  one's  own  property. 
•  Unlawful  to  trap  beaver  on  posted  lands  of  another. 
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OunieMonirP  Da$e8  inOnulve. 

Raccoon,  mink,  skunk,  opossum Nov.l-Feb.l. 

Moskrat Dec.l-Mar.l. 

Fox. Oct.2^an.l. 

Other  fur  animals Unprotected. 

Pnidbied  methods:  Unlawful  to  dig  out  or  destroy  the  house,  den,  or  burrow  of  fur  animals  or  to  smoke 

or  drowikthe  animals  therefrom. 
Ucenses:  Rflsldent,  $1;  nonresident,  115;  issued  by  oounty  and  township  clerks.   Alien  pnriiibited  from 
hunting  or  trapping.    License  not  required  of  owners,  managers,  tenants,  or  their  children  to  trap  during 
openseason  on  own  land.    Written  permission  from  owner  or  authorized  agent  required  to  trap  on  lands 
of  another. 
Pweiilau  and  sale:  Possession  of  ftir  animals  during  close  season  prohibited,  but  skins  legally  taken  may 

be  possessed  or  sold  at  any  time.    Raccoons  legally  taken  may  be  possessed  alive  m  inclosures  as  pets. 
Shtpment  and  eipoit:  Shipment  and  export  prohibited,  except  that  skins  legally  taken  may  be  trans- 
ported at  any  time.    Packages  containing  fur  animals  or  parts  thereof  when  transported  by  common 
earner  must  be  marked  to  show  contents,  initial  point  of  billing,  and  names  and  addresses  of  consignor 
and  consignee. 

I  No  restrictions,  except  those  which  prevent  capture  of  wild  stock  in  close  season. 
:  Townships  pay  a  bounty  of  $1  each  on  certain  hawks  and  great  homed  owl;  20  cents  a  doseo 
on  English  sparrows;  and,  under  certain  conditions,  10  cents  each  on  groundhogs. 

OKLAHOMA. 

open  seasons:  Dates  incluHoe, 

Beaver,  otter No  open  season. 

Bear  (see  exception). Unprotected. 

Exception:  In  Blaine,  Caddo,  Comanche,  Kiowa,  and  Major 

Counties -..No open  season. 

Other  fur  apimals ;....Nov.    1-Mar.   1. 

PinUUled  methods:  No  restrictions. 
Ucoues:  None  required. 

THwesiktu  and  sale :  Unlawful  to  sell  pelts  of  fur  animals  taken  during  close  season.    No  other  restrictions. 
t  and  export:  No  restrictions  on  skins  legally  taken. 

The  State  game  warden  issues  permlu  to  propagate  fur-bearing  animals,  game,  and  flsh; 
cost  ,$2,  together  with  fees  for  tagging.  Licensed  breeders  may  sell  and  transport  animals  raised  in  pre- 
serves under  rules  prescribed  by  the  warden. 

Btonties:  County  oonmiissioners  are  authorized  to  offer  bounty  on  gray  wolf  (13)  and  coyote  (II),  and 
may  also  pay  bounties  on  hawks,  crows,  or  other  birds  or  animals  destructive  of  game  or  insectivor- 
009  birds. 

OREGON. 
Opentessoiis:*'  Dates  induHoe. 

Hink,  otter,  fisher,  marten,  muskrat  n Nov.  1-Feb.  28. 

Beaver" No  open  season. 

Other  fur  animals Unprotected. 

PnhiUtad  methods:  Unlawful  to  destroy  muskrat  house,  except  where  it  obstructs  ditch  or  wateroourse. 

Iktams:  Required  of  any  person  over  16  years  of  age  to  trap  on  land  other  than  his  own  premises:  fee,  11; 

issned  by  board  of  flsh  and  game  oonmiissioners.    Unlawful  to  remove  or  distiu-b  traps  of  a  licensed 

trapper  on  public  domain  or  on  lands  where  he  has  permission  to  trap.    Licensed  trappers  are  required 

to  make  annual  reports  of  number  of  animals  caught  and  receipts  for  fur  sold. 

Pntiuiuu  tad  sale:  Possession  and  sale  prohibited,  except  that  animals  or  hides  legally  taken  within  or 

without  State  may  be  possessed  or  sold  at  any  time. 
SMjment  and  export:  Shipment  and  export  protUbited,  except  sldns  of  animals  legally  taken  may  be 

aUppedatanytlme. 
HJao^aneocis:  Unlawfiil  to  use  the  flesh  of  a  game  bird  or  animal  for  trap  bait. 

Pnpagatioa:  Permits  (fee,  12)  to  keep  fur-bearing  animals  may  be  obtained  from  the  State  board.  No 
wild  fur-animals  may  be  taken  for  propagating  purposes  In  close  season  nor  may  those  held  In  captivity 
tmdar  pennlt  be  sold  in  that  season.  Yearly  reports  to  the  State  board  are  required. 
Bonnttet:  Coyote  or  coyote  pup,  S3;  adult  female  coyote,  $4;  gray,  black,  or  timber  wolf,  or  wolf  pup,  $2.50; 
bobcat,  wildcat,  or  lynx ,  $2;  mountain  lion ,  panther,  or  cougar,  $10;  seal  or  seal  pup,  12.50;  paid  by  oounty 
and  half  refunded  by  the  State.  The  State  board  is  empowered  to  pay  additional  bounties  on  any 
predatory  animal  in  order  to  protect  game;  under  this  act  it  now  pays  for  wolf,  $20;  for  cougar,  $15.  Sev- 
eral ooonties  are  authorized  to  pay  bounties  on  moles,  rabbits,  and  gophers. 

*  Ohio:  Protected  fur  animals,  when  damaging  property,  may  be  destroyed  by  owners  or  tenants  of 
J«Ml  (except  on  Sunday). 

■  Orepon;  Unlawful  to  hunt  or  trap  fur  animals  on  State  game  preserye. 

*  K  beavers  or  other  fur  animals  damage  property,  permits  to  kill  them  may  be  obtained  from  the  State 
8>me  warden,  but  skins  of  animals  so  taken  must  be  delivered  to  the  board  of  fish  and  game  conunissioners, 
tobe  8o)d  by  them  and  the  proceeds  used  in  paying  for  damage  to  property. 
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PENNSYLVANU. 
open  MMons:  Dates  indutioe. 

Bear«i Oct.    15-Dec   15. 

Raccoon  <^ Sept.    1-Dec.  81. 

Muskrat,  skunk Nov.  16-Feb.  28.« 

Fox  (seeexception),  wildcat,  mink,  weasel,  opossum Unprotected. 

Exception:  Fox,  in  Chester,  Delaware,  and  Montgomery  Counties.  No  open  season. 

Beaver No  open  season. 

Prohlbtted  methods:  Unlawful  to  trap  bear.   Steel  traps  larger  than  No.  3  size  may  not  be  used  for  trqyphig 
wildcats  or  other  animals  classed  as  vermin.    Unlawful  to  dig  out  skunk  or  muskrat;  to  drive  them 
from  holes  or  dens  by  use.of  smoke  or  chemicals;  or  to  hunt  them  at  night  with  dogs. 
Bag  limits:  One  bear  a  season,  or  3  to  a  camp  or  body  of  men. 

Licenses:  Nonresident,  $10;  resident  (hunting license  for  raccoon  or  bear),  II  (fee  of  15  cents  extra  to  Justice 
of  peace);  issued  by  oonunission,  county  treasurer,  or  Justice  of  the  peace.  Hunting  license  not  issued 
to  minor  under  14  years  of  age,  and  minor  between  14  and  16  must  furnish  written  consent  of  paraot  or 
guardian.  Licensee  required  to  wear  tag.  Resident  citizen  and  members  6f  family  residing  on  sod 
cultivating  land  may  hunt  on  such  land,  and,  with  consent  of  owner,  on  adjoining  land,  without  a 
license,  during  open  season.  Alien  not  permitted  to  hunt  or  kill  any  wild  animal  in  State,  except  In 
defense  of  person  or  property. 
Possession  and  sole:  Bear  may  be  ix>ssessed  only  during  open  season  and  first  30  days  of  close  seasaQ. 
Raccoon  taken  during  open  season  may  be  possessed  or  sold  at  any  time.  No  other  restrictions  oo 
skins  legally  taken. 
Shipment  and  export:  Raccoons  legally  taken  may  be  shipped  or  exported  at  any  time.  Packi^es  must 
be  plainly  marked  to  show  contents ,  name  and  address  of  owner,  and  county  in  which  taken .  Shipmou 
by  parcel  post  prohibited.  Nonresident  licensee  may  take  out  1  bear  legally  killed.  No  other  resuie- 
tlons  on  skins  legally  taken  and  possessed. 
Propsf  atkm:  No  restrictions  on  raising  fur  animals,  except  that  possession  and  breeding  of  ferrets  is  unlaw- 
ful except  under  license  from  State  board  ofgame  commissioners;  fee  for  license  to  breed  and  sell  ferrets, 
S25;  to  possess  a  ferret  without  breeding,  $1 . 
Bounties:  Wl]dcat,  18;  fox,  $2;  mink,  $1;  weasel,  $2;  paid  from  special  fUnd  created  by  setting  aside  one-htlf 
the  receipts  by  the  board  ofgame  commissioners  from  gun  licenses,  fines,  etc.  Affidavit  on  form  suppUed 
by  game  commission  must  accompany  entire  unmutilated  skin  of  animal  when  presenting  claim  to 
board  of  game  oommlsstoners,  at  Harrlsburg,  Ta. 

PORTO  RICO. 

Porto  Rico  has  no  wild  fur  animals. 

RHODE  ISLAND. 

Open  seasons:*'  Datettn^nthe, 

Skunk Nov.l-Apr.  15. 

Raccoon,  muskrat,  mink,  otter Oct.  1-Feb.  L 

Other  fur  animals .Unprotected. 

Prohibited  methods:  Unlawful  to  set  wire  snares,  or  to  use  steel  traps  with  teeth  or  with  spread  over  6 
inches,  or  choke  traps  with  greater  opening  than  6  inches.  Traps  must  be  oonoealed  so  as  not  to  endanger 
domestic  animals  and  must  be  visited  at  least  once  every  24  hours. 

Licenses:  Hunting  license  required  for  trapping:  resident,  11.15;  nonresident,  I10J5;  alien,  115.15;  issued 
by  town  and  city  clerks.  License  not  required  of  resident  or  his  immediate  family  to  hunt  or  trap  on 
agricultural  lands  on  which  actually  domiciled;  nonresident  owning  real  estate  valued  at  not  less  than 
$500,  and  nonresident  member  of  club  incorporated  for  hunting  or  fishing  purposes  prior  to  Jan.  1, 1909, 
which  owns  real  estate  assessed  for  taxation  at  value  of  not  less  than  11,000,  may  procure  license  at  a  fc« 
of  $1.15;  licenses  not  issued  to  minors  under  15  years  of  age.  Written  permisslan  required  to  trap  oo 
posted  lands  of  another. 

Possession  and  sale:  No  restrictions  on  skins  legally  taken. 

Shipment  and  export:  No  restrictions  on  skins  legally  taken. 

Propagation:  No  leg^islation. 

Bounties:  Fox,  $3;  crow  and  certain  hawks  and  owls,  25  cents;  paid  by  State. 

M  Pennsjfltunia:  Bear  may  be  killed  at  any  time  in  defense  of  person  or  property.  The  board  ofgame  com- 
missioners, upon  petition  of  200  citizens  of  a  county  showing  that  bear  have  become  a  nuisance  may  permit 
them  to  be  taken  at  any  time,  but  stocl  traps  and  deadfalls  may  not  be  used.  Anlmab  so  taken  may  be  dis- 
posed of  only  by  the  person  taking  them. 

•^  Raccoon  may  be  killed  by  landowners  or  tenants  and  their  employees  at  any  time  to  protect 
their  growing  crops. 

M  Landowners,  teuants,  members  of  famiUes,  and  employees  may  take  skunk  or  muskrat  on  own  imndi 
at  any  time. 

«  Rhode  hland:  Landowner  may  kill  fur  animals  on  own  land  at  any  time. 
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SOUTH  CAROLINA. 
OpentMsons:  Dates  inchuive. 

Bear,  mink,  moskrat,  opossum,  otter,  raoooon,  skunk Oct.  1-Mar.  15. 

Fox. Sept.  1-Feb.  15.« 

Other  fur  animals Unprotected." 

Probibited  methods:  Hunting  at  night  prohibited  ezoept  for  raccoon,  oposstmi,  or  fox.    Unlawful  to 

shoot  or  trap  foxes,  to  dig  them  out  of  the  ground,  or  to  push  or  drag  them  out  of  a  tree  or  log. 
TkeoMi;  Hunting  license  required:  resident,  county  license,  11.10;  State,  S3.10;  issued  by  county  clerk 
or  game  warden;  nonresident,  115.25;  issued  by  county  clerk.    No  license  required  of  resident  owners, 
tenants,  their  children,  or,  under  written  permission,  their  employees  to  hunt  during  open  season  on 
own  lands.   Consent  of  owner  or  manager  required  to  hunt  or  tr^  on  lands  of  another. 
PwiMBton  and  sale:  No  restrictions  on  skins  legally  taken. 
Shipment  and  export:  Shipments  must  be  labeled  to  show  the  number  and  kind  of  animals  In  the  package 

and  the  consignor  and  consignee.    No  other  restrictions  on  skins  legally  taken. 
Prapagatioo:  No  legislation. 
Beimtifls:  None  paid. 

SOUTH  DAKOTA. 
Open  MMons:  Dates  inclusive. 

Mink,  muskrat,  skunk  (season  opens  at  noon  and  closes  at  noon) Dec.  1-Mar.  l.n 

Beaver, »  otter No  open  season. 

Other  fur  animals Unprotected. 

PnUbitMl  meCbods:  Unlawful  to  shoot  muskrats,  or  to  destroy  or  molest  muskrat  houses,  except  these 
may  be  opened  without  injury  thereto  for  the  purpose  of  placing  traps  therein  during  open  season.    No 
person  may  set  or  operate  more  than  75  traps  at  any  one  time. 
LfctDset:  Resident,  $6;  nonresident,  $25;  issued  by  game  warden  and  county  treasurer.    License  not 
required  of  residents  imder  U  years  of  age,  nor  of  landowners  trapping  on  own  lands  during  open  season. 
Unlatvrftil  to  hunt  on  cultivated  or  posted  lands  of  another  without  permission  of  owner. 
1>wif  Baton  and  sale:  Unlawful  topossess,  buy,  or  sell  raw  skins  of  protected  fur  animals  during  close  season, 
Theth^  taken  or  killed  within  or  without  State. 
Shipment  and  export:  Unlawful  to  ship  raw  skins  of  protected  fur  animals  during  close  season,  whether 
taken  or  killed  within  or  without  State. 
Anpagatioa:  Not  permitted. 

Boonties:  State  pays  $5  for  each  grown  buffalo,  black,  or  gray  timber  wolf;  |2  for  each  pup  thereof;  moun- 
tain lion,  S3;  coyote  or  prairie  wolf,  12;  proportionate  amount  paid  if  the  appropriation  Is  not  sufficient 
to  pay  full  bounties.    A  county  may  pay  |4  for  coyote  and  $8  for  wolf,  killed  withfai  the  oounty . 

TENNESSEE. 
Open  aeaaoDs:  '^  Dates  inclusive. 

All  fur  animals  (season  opens  at  noon  anid  closes  at  noon)  (see  exceptions) Oct.  15-Jan.  15." 

Exceptions: 
Oannont  Chestery  Dickstm,  Lewis,  and  Stewart  Counties:  All 

fur  animals Unprotected. 

BUmnt,   Carter,  Oreene,  Johnson,    Unicoi,  and   Washington 

OourUies:  Fox No  open  season." 

Ooeke,  Meigs,  and  Rhea  Counties:  Foxes No  open  ^eason.f^ 

Davidson,  Robertson,  and  Shelby  Counties:  Beaver,  muskrat, 

fbx,  mink,  raccoon,  skunk,  opossum Sept.  1-Jan.  31.n 

Djfer  County:  Raccoon,  mink,  otter Oct.  1-Feb.  15." 

Franklin    County:  Beaver,  muskrat,   fox,  mink,  raccoon, 

skunk,  opossum Nov.  1-Jan.  31. 

Greene  County:  Fox Nov.  1-Mar.  !.'• 

Muskrat , i Dec.  15-Mar .  15. 

Other  fur  animals Dec.  15-Feb.  15. 

Hawkins  County:  All  fur  animals Nov.  16-Jan.  15.»< 

Sniith  Qwtn/y.- All  fur  animals Oct.  15-Feb.  15." 

Warren  County:  All  fur  animals Nov.  1-Feb.  28. 

*  South  droUna:  Foxes  doing  damage  may  be  shot  on  one's  own  premises  at  any  time. 

**  Wildcats  may  be  killed  without  license  at  any  time  by  officers  of  the  law  and  landowners  upon  their 
own  holdings. 

^  South  Dakota:  Skunks  doing  damage  around  buildings  maybe  killed  at  any  time,  and,  under  permit 
tnm  State  game  warden,  muskrat  or  beaver  damaging  irrigation  ditches,  embankments,  or  public  highways 
may  be  taken  at  any  time. 

^  Tennessee:  Fur  animals  may  be  taken  on  one's  own  land  at  any  time. 

"In  ClaQmme,  Orainger,  Davidson,  Roane,  and  Shelby  Counties  it  is  unlawful  to  set  a  trap  more  than 
200  yards  from  trapper's  residence. 

"  In  Blount,  Carter,  Oreene,  Johnson,  Unicoi,  and  Washington  Counties  traps  may  be  set  near  farm 
buildings  and  foxes  may  be  killed  when  they  destroy  fowls  or  live  stock. 

''*  In  Cocke,  Hawkins,  Meigs,  and  Rhea  Counties  foxes  may  be  chased  or  killed  with  dogs  or  killed  when 
injuring  poultry  or  live  stock. 

"  In  Oreene  County  tox  destroying  domestic  fowl  may  be  killed  at  any  time. 

"  In  Smith  Qiunty  fur  animals  may  be  killed  at  any  time  to  protect  property. 
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Pnliibtted  method! :  Steel  traps  must  be  placed  at  least  12  inches  within  the  entrance  to  a  bole,  oave, 

den,  or  hollow  log. 
Licenses:  None  required.    Written  consent  required  to  trap  on  lands  of  another.    Traps  and  deadfalls 

must  be  inspected  within  each  36  hours,  and  captured  animals  removed;  does  not  apply  to  trapping 

wildcats  in  Lauderdale  County. 
Posaession  and  lale:  No  restrictions,  except  locally.    In  Davidson,  Franklin,  Robertson,  and  Shdby 

Counties  the  sale  of  protected  fur  animals  is  prohibited  from  February  1  to  October  31.    In  Mei^  and 

Rhea  Counties  the  sale  of  live  foxes  or  p^te  of  foxes  caught  or  killed  in  said  counties  is  prohibited. 
Shipment  and  export:  No  restrictions  except  locally.    In  Davidson,  Franklin,  Robertson,  and  Shelby 

Counties  it  is  unlawful  to  remove  any  protected  fur  animal  from  county. 
Pittpagation:  No  legislation. 
Bountiea:  Wolf  or  panther,  |2-certlflcate  issued  by  county  court,  the  amount  to  be  applied  on  payment  of 

taxes 

TEXAS. 
Open  seasons: 

All  fur  animals  (see  exception) Unprotected. 

Exception:  In  Caldwell  County,  mink,  raccoon,  fox No  open  season. 

Prohibited  methods:  No  restrictions. 

Ltcenaes:  None  required.    Consent  of  owner  necessar}'^  to  trap  on  posted  land. 

Possession  and  lale:  No  restrictions. 

Shipment  and  export:  No  restrictions. 

Propagation:  Permit  must  be  obtained  from  game,  fish,  and  oyster  commissioner  to  trap  or  transport  vild 

animals  for  propagation. 
Bounties:  None  paid. 

UTAH. 
Open  seasons: 

Beaver,  otter,  marten No  open  seaaai." 

Other  fur  animals ITnprotected. 

Prohibited  methods:  No  restrictions. 

Licenses:  None  required.    Aliens  other  than  homesteaders  are  not  allowed  to  hunt  or  trap. 

Possession  and  sale:  Possession  and  sale  of  skins  or  any  part  of  protected  fur  animals  prohibited  mikss 

duly  tagged  by  commissioner. 
Shipment  and  export:  Shipment  and  export  prohibited,  except  commissioner  may  ship  beaver  kiUel 

under  permit  and  tagged. 
Propagation:  No  legislation. 
Bounties:  Wolf,  S62.50;  bear,  mountain  lion,  cougar,  $30;  coyote,  $4;  lynx,  bobcat,  S3. 

VERMONT. 
Open  seasons:  ^  Oatet  ineJtuite. 

Mink,  otter,  nuiskrat  (see  exception) Nov.    1-Apr.  30 

.Exception:  On  shores  of  Lake  Champlain  in  Rutland  County,  Poultney 
River  below  CJarvers  Falls,  and  shores  of  Lake  Memphramagog  in  Orleans 

County Jan.  1-Apr.  30. 

Marten,  raccoon,  fisher,  skunk Oct.  20-Mar.  31. 

Fox Oct .  20r  Apr .  1 .» 

Beaver No  open  season. 

Other  fur  animals Unprotected. 

Prohibited  methods:  The  use  of  set  guns  is  prohibited,  and  bear  traps  must  be  carefully  safeguarded. 
Unlawful  to  open  or  destroy  a  muskrat  house  or  to  place  a  trap  at  iis  entrance.  Unlawful  to  dig  skunks 
from  dens  or  to  drive  them  out  by  use  of  smoke  or  chemicals. 
Licenses:  Resident,  60  cents;  nonresident,  110.50;  issued  by  town  clerk.  Owners  of  farm  lands  and 
their  resident  minor  children  or  tenants  may  take  fur  animals  on  own  lands  during  open  season  without 
a  license.  License  not  issued  to  person  under  16  years  of  age  without  written  consent  of  parent  or 
guardian.  Nonresident  owning  improved  real  estate  appraised  at  not  less  than  11,000,  upon  whidi  b^ 
pays  taxes,  may  obtain  a  resident  license.  Persons  trapping  on  inclosed  lands  of  another  must,  within 
13  hours,  inform  owner  of  location  and  number  of  traps  and  must  visit  traps  at  least  once  in  24  hours. 
Possession  and  sale:   Possession  of  fur  animals  during  close  season  prohibited,  but  the  fur  or  skins o^ 

animals  legally  taken  may  be  possessed,  bought,  or  sold  at  any  time. 
Shipment  and  export:  Packages  containing  fur  animals  or  parts  thereof  delivered  to  a  common  carri^ 
for  transportation  must  be  tagged  to  show  the  number  and  kind  of  such  animals  or  skins  therein,  naines 
of  consignor  and  consignee,  station  from  which  shipped,  and  destination.  A  person  required  to  have  a 
license  must  also  show  the  number  of  his  license  on  the  shipping  tag.  No  other  restrictions  on  skim 
legally  taken  and  possessed. 

^  Utah:  When  beaver  are  destroying  property,  the  State  fish  and  game  commissioner  may  grant 
permits  to  kill  them,  but  the  hides  of  animals  so  taken  must  be  delivered  to  and  sold  by  commissiaDtf'i 
who  may  recompense  for  trapping  in  not  more  than  one-half  of  the  proceeds  from  sales. 

^  Vermont'  Fur  animals  may  be  killed  at  any  time  to  protect  one's  own  property. 

^  Fox  may  be  taken  otherwise  than  by  trapping  at  any  time. 
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The  State  fish  and  game  commissioner  issues  special  permits  for  propagating  fur  and  game 
animab  (fee,  S2  and  expense  of  tagging).    Animals  bred  on  fur  farms  may  be  sold  and  transported  alive 
at  all  times  when  bearing  the  identification  tags  prescribed  by  the  commissioner. 
Beontits:  Black  bear  taken  between  May  1  and  November  1, 110;  hedgehog  (porcupine),  15  cents;  paid 
by  State.    Towns  pay  $5  bounty  on  bay  l3mx  or  bobcat. 

VIRGINU. 
open  seasons:  DaUs  inclusive. 

All  fur  animals  (season  opens  at  noon  and  closes  at  noon)  (see  local  laws) Oct.  15-Jan .   15."* 

Jefferson  magisterial  district— in  Culpeper  County:  Fox  (trap) Nov.    1-Dec.  3I.»« 

Fauquier  and  Loudoun  Counties:  Fox Sept.    1-Mar.  31." 

Hal^ax  County:  Opossum Oct.   15-Jan.   31. 

Zffv  George  County:  Muskrat Dec.  20-Mar.  31. 

Loudoun  County:  Mink,  muskrat,  skunk Nov.    1-Feb.  28. 

Opossum,  raccoon Oct.     1-Feb.  28. 

Ifanaemond  County:  Mink,  otter,  muskrat Jan.     1-Mar.  31. 

Patrick  County:  Raccoon,  opossum Oct.    15-Mar.  14. 

Gray  fox Sept.  15-Mar.  14. 

Princess  Amu  County:  Mink,  muskrat,  otter  (for  profit) Nov.    1-Mar.  14. 

Prohlbtted  methods:  Unlawful  to  shoot  muskrats  at  night  with  aid  of  lights  in  tidewater  sections  of  State, 
licenses:  None  required;  except  in  Loudoun  County  (fee  12.50),  to  trap  on  lands  of  another.    In  Loudoun 

and  Rappahannock  Counties,  written  permission  is  required  to  tr^  or  himt  on  lands  of  another. 
■T>»>f>gsion  and  tale:  No  restrictions  except  in  Patrick  County,  where  the  sale  of  protected  fur  animals 

during  close  season  is  prohibited. 
■Shipment  and  exp<^:  No  restrictions. 

Propagation:  License  required  (fee,  $25)  to  raise  game  or  fur  animals. 
Booaties:  None  paid. 

WASHINGTON. 
open  aeaaona:  Dates  inclusive. 

Bear Sept.  1-May  1." 

Beaver , No  open  seascm. 

Other  fur  animals * Unprotected. 

Prohibited  methods:  No  steel  trap  larger  than  No.  4  may  be  used  imless  a  notice  in  the  English  language 

on  a  large  placard  is  placed  above  the  trap. 
Licenses:  County,  15;  issued  by  county  auditor.    Not  required  to  trap  coyote,  muskrat,  mink,  skunk, 

marten,  civet  cat,  weasel. 
Possession  and  sale:  Sale  of  protected  animals  is  prohibited  at  all  times  and  possession  is  prohibited 
during  closed  season,  except  under  permit,  but  beaver  skins  secured  without  the  State,  after  being 
inspected  and  stamped  by  the  game  warden,  may  be  possessed  or  sold  at  any  time. 
Shipment  and  eiport:  Shipment  and  export  of  protected  animals  and  their  skins  prohibited,  but  bears 
legally  taken  may  be  shipped  within  State  under  affidavit  that  they  are  not  shipped  for  sale  or  profit. 
Propagation:  Breeder's  license  (fee,  110;  renewal,  15)  required. 

BomUies:  Mountain  lion  or  cougar,  120;  lynx  or  wildcat,  $5;  coyote,  II;  timber  wolf,  115;  seal  or  sea 
lion  in  (Columbia  River  district,  $1;  paid  by  State.  Counties  are  permitted  to  pay  additional  rewards 
for  destfoying  these  animals,  and  also  bounties  on  bear,  muskrat,  and  squhrel. 

WEST  VIRGINIA. 

Open  seaaons:  ^  Dates  indusk>€. 

Red  fox,  skunk >»  in  Brooke,  Cabell,  cnay,  Doddridge,  Grant,  Harrison,  Marion,    . 
Mineral,  Mingo,  Monongalia,  Morgan,  Nicholas,  Ohio,  Pleasant,  Ritchie,  Roane, 

Summers,  Taylor,  Upshur,  Wetsel,  Wirt,  and  Wyoming  Counties  only Dec.  1-Feb.  1. 

In  rest  of  State Unprotected. 

Raccoon,  mink,  and  other  fur  animals Unprotected. 

*  Vjr^jnia;  Law  applies  to  any  county  after  adoption  by  the  board  of  supervisors.  Trapping  on  lands 
of  another  is  unlawful  except  from  noon  of  Oct.  15  to  noon  of  Jan.  15,  and  then  is  lawful  only  with  written 
permission  of  landowner,  which  permission  the  trapper  must  have  on  his  person  when  trapping.  He 
most  visit  traps  at  least  once  every  36  hours  and  is  liable  for  any  damage  such  traps  may  do  to  domestic 
animals.   Landowner  may  trap  or  kill  fur  animals  on  his  qwn  lands  at  any  time. 

"  Traps  must  be  visited  dally  in  JefTerson  magisterial  district,  Culpeper  County. 

"  Fox  may  be  taken  at  any  time  by  owner  or  tenant  of  land  to  protect  property  in  Fauquier  and  Lou- 
doun Ckmnties .    Written  permission  of  owner  required  to  take  foxes  on  lands  of  another . 

"  WkAington:  Bear  may  be  killed  at  any  time  when  destroying  domestic  animals. 

"*  West  Virgiida:  A  landowner,  his  agent,  or  tenant  may  hunt  or  kill  fur  animals  on  his  own  lands  at  any 
time: 

*  Any  county  may  by  majority  vote  provide  a  perpetual  close  season  on  skunk. 


Digiti 


zed  by  Google 


24  Farmers'  Bulletin  1165. 

Piolilbtted  methods:  Unlawftil  to  set  a  steel  oar  spilng  bear  trap  on  land  of  another. 

LIcenaes:  Hunting  license  required  to  trap:  Resident,  II;  nonresident,  118;  issued  by  ooonty  derk. 
Resident  landowner,  his  children  or  tenants,  may  hunt  during  open  season  on  own  land  without  a 
license.  License  not  issued  to  minor  under  15  without  written  oonsent  of  parent  or  guardian.  Express 
pcnnission  of  owner  or  tenant  required  to  set  or  malntsin  a  snare  or  trap  upon  land  of  another.  Tioerttee 
must  wear  tag. 

Possession  and  sale:  No  restrictions  on  skins  legally  taken. 

Shipment  and  export:  No  restrictions  on  skins  legally  taken. 

Propagation:  No  restriction  on  possession  or  sale,  but  animals  must  not  be  taken  for  breeding  purposes  in 
close  season  except  on  lands  owned  or  tenanted  by  the  breeder. 

Bounties:  Wildcat,  bobcat,  or  catamount,  16;  crow,  10  cents;  certain  hawks  and  owls,  25  cents;  paid  from 
forest,  game,  and  fish  protection  fund. 

WISCONSIN. 

Open  seasons:  DaU9  indutkM. 

Beaver No  open  season.** 

Fisher,  marten,  mink  (see  exception),  skunk Nov.  15-Feb.  L 

BxceptUm:  Mink  In  Brown,  Ooonto,  and  Washington  Counties. No  open  season." 

Raccoon  (see  exception ) Oct .  15-Jan.  L 

Exception:  In  Marathon  County Aug.  15-Jan.  1. 

MuskratM  in  Ashland,  Barron,  Bayfield,  Burnett,  Douglas,  Florence,  Forest,  Iron, 
Lcmglade,  Lincoln,  Marinette,  Oneida,  Polk,  Price,  Rusk,  Sawyer,  Vilas,  and 

Washburn  Counties Oct.  25-Apr.  aOu 

In  Bro3m ,  Ooonto,  and  Washington  Counties No  open  season.* 

In  Calumet,  Manitowoc,  and  Sheboygan  Counties Mar.  1-Apr .  15. 

In  remainder  of  State Not.  15-Apr.  L 

Black  bear Unprotected. 

Prohibited  methods:  Unlawful  to  take  fisher,  marten,  mink,  or  muskrat  with  the  aid  of  spear,  gun,  or  dog; 

to  disturb  or  molest  muskrat  houses,  beaver  houses,  or  beaver  dams;  to  set  traps  within  500  feet  of  any 

beaver  dam  or  beaver  house;  or  to  molest  or  disturb  raccoon  den  trees  for  the  purpose  of  capturing  raccoons. 

Bag  limits:  Five  raccoons  a  day. 

LIcenaes:  Resident,  II;  issued  by  oonservation  commission.    Report  required  from  licensed  tiapper  on  or 

before  June  1  of  each  3rear.    Nonresident  not  permitted  to  trap;  alien  not  permitted  to  hunt. 
Posaesaton  and  sale:  Possession  and  sale  of  beaver  or  skins  thereo^prohibited;  possession  of  green  skins  U 
fur  animals  permitted  only  during  open  season  and  first  five  days  of  close  season;  possession  prohibited  d 
the  skin  of  fisher,  marten,  mink,  or  muskrat  which  shows  that  the  animal  has  been  shot  or  speared.    No 
other  restrictions  on  possession  and  sale  of  skins  legally  taken. 
Shipment  and  export:  Shipment  and  export  of  beaver  prohibited;  shipments  of  hides  must  be  marked  to 
show  the  number  and  kinds  of  hides,  the  name  and  address  of  the  shipper,  and  the  number  of  his  trapping 
license. 
Propagatton:  Under  permit  and  supervision  of  the  commission  wild  animals  may  be  taken  and  transported 
for  propagation  within  the  State.   Special  license  required  for  muskmt  fJEirming  (fee,  %&,  and  1  oent  per 
acre  for  all  premises  in  excess  of  500  acres  covered  by  the  license). 
Bounties:  Wolf  cub  taken  between  March  1  and  November  1,  $4;  mature  wolf  killed  at  any  time,  110;  fox, 
12;  paid  by  county.    County  boards  may  increase  these  rewards,  but  no  county  may  pay  more  than  98 
for  killing  a  wolf  cub.    The  State  treasurer  duplicates  all  county  awards,  thus  doubling  the  above  boun- 
ties.   Poisons  may  be  used  for  destroying  animals  for  bounty  between  December  1  and  March  1,  but 
notice  of  putting  out  baits  must  be  posted,  and  they  may  not  be  placed  within  80  rods  of  a  dwelling  house. 
County  boards  may  offer  bounty  on  crow,  hen  hawk,  pocket  gopher,  streaked  gopher,  English  sparrow, 
blackbird,  or  rattlesnake. 

WYOMING, 
open  seasons: 

Beaver - No  open  season.* 

All  other  fur  animals Unprotected. 

Prohibited  methods:  Unlawful  for  nonresident  to  trap  bears. 

Licenses:  For  trapping  in  State  game  preserves,  fee,  S3;  for  trapping  fox,  mink,  or  marten  in  national 
forests,  13;  issued  by  State  game  warden.  Employees  of  the  Federal  (}ovemment  do  not  require  permit 
to  trap  predatory  animals.  For  bear,  nonresident,  110;  issued  by  Justioes  of  the  peace,  assistants,  and  dep- 
uty game  wardens.  Dog  license,  II  (required  for  each  dog  used  in  hunting  predatory  animalsin  national 
forests  during  close  season  on  big  game). 

M  WitcoruiJU'  If  beaver  damage  property,  they  may  be  captured  and  removed  under  permit  and  the 
direct  ton  of  the  State  conservation  obmmission ;  skins  of  animals  that  are  killed  in  taking  must  be  delivered 
to  the  conservation  commission.  Owners  or  lessees  of  dams,  under  i>ermlt  of  oonservation  commission, 
may  destroy  at  any  time  muskrats  to  protect  such  dams  or  .levees,  but  they  may  not  sell,  barter,  or  giva 
away  the  skins  of  such  animals  killed  during  close  season. 

n  Expires  in  1921. 

"  Wyoming:  Close  season  on  beaver  expires  March  15,  1925.  If  beaver  damage  real  estate  the  owner 
thereof  may  destroy  them,  but  must  furnish  State  game  warden  with  affidavit  showing  damage  and  number 
killed. 
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I  end  aito:  Skins  of  beaver  killed  when  doing  damage  to  real  estate  may  be  possessed  when  dtHy 
tagged  by  waiden  and  aifidaTit  la  ftirnished  tiie  warden  by  owner  of  the  real  estate  showing  the  damage 
and  nomben  of  beaver  killed. 
SUpBeat  and  export:  Beaver  hides  most  be  tagged  by  warden  before  being  shipped  or  transported. 
Use  of  the  flesh  of  game  animals  or  birds  as  trap  bait  for  predatory  animals  prohibited. 
No  legislation. 
None  paid  by  Stata. 

LAWS  OF  CANADA. 

ALBERTA. 

OpMsaaaooa:*  DaUt  indutivt. 

Iflnk,  flsher,  marten Nov.  l-Mar.  81.» 

Otter,  mmkrat  (see  exoeptioo) Nov.  1-Apr .  Sa 

Bteeption:  Mnskrat,  south  of  North  Saskatchewan  River No  open  season.** 

Beaver Dec.81,1935.M 

Pox  and  other  fur  animals Unprotected." 

fteiiibilisd  medioda:  Unlawfal  to  os^  poison  for  taking  fur  animals;  or  to  destroy,  partially  destioy»  or  to 

kave  opeo  any  mnskimt  or  beaver  hoqsa. 
Tlrisea;  Trapping:  None  required  of  residents;  nonresident,  $25;  issued  by  minister  of  agriculture. 
Consent  of  owner  or  oocopant  required  to  trap  on  inclosed  or  cultivated  lands  of  another.  Permits  to 
tnp  on  game  or  forest  reserves  may  be  granted  under  regulations  of  the  lieutenant  governor  in  counoU. 
Tnidennitt,  $5.  Dmder  in  furs  and  skins  of  protected  animals:  Resident,  branch  office,  and  traveling 
isent,  $6  each;  nonresident,  flOO.  Licensee  must  make  monthly  and  annual  reports  to  department  of 
igrtculture.    License  to  export  skins,  |1 ;  issued  by  minister. 

I  aale:  No  restriotiaos  on  possessioQ  andsale  of  skins  legally  taken  and  possessed, 
t  and  eiport :  Export  of  furs  and  skins  prohibited  exoep  t  by  holder  of  a  license.  No  furs  or  skins 
QD  which  royalty  has  not  been  paid  may  be  exported,  and  a  special  permit  from  the  minister  is  necessary 
to  ship  out  unpilme  skins.  Resident  hunter  or  tnipper  exporting  lurs  or  skins  of  animals  taken  by 
Umaelf  is  not  required  to  pay  royalties  on  skins  so  exported  unless  the  tax  exceeds  the  sum  of  iTo  in 
my  one  year.    Export  of  live  fox  prohibited . 

rrapnatlnii    Manager  of  fur  fkrm  required  to  make  reports  January  1  and  July  1  of  each  year.   Export 
of  live  animals  from  fur  ferms  allowed  only  on  permit  from  the  minister  of  agriculture.   Permit,  with 
fM,  required  to  export  live  muskiat,  mink,  fisher,  marten,  otter,  or  beaver,  whether  raised  on  a  for 
fvm  or  otherwise  (orders  in  council) . 
BtBolles:  The  ooundl  of  any  rural  municipality  is  authorised  to  offer  a  bounty  on  wolf. 

BRITISH  COLUMBIA. 

Open  seasons:  *>  Dotu  ind%tioe. 

Bear  (see  exception) Sept.  1-June80. 

Exception:  Unlawful  to  trap  bear  sooth  of  main  line  ot  Canadian  Padflo 
Railway. 

PnUUied  metliods:  UnlawfOl  to  use  poisoo  in  taking  fOranimalSi  except  f^umers  and  poultiymea  may 
protect  own  stock. 

Uoeosas:  Trapping:  Resident,  $10;  nonresident  not  permitted  to  trap;  nonresident  (spedal  license  to  hunt-^ 
not  trap— bear  from  January  1  to  July  1),  $25;  nonresident  general  hunting  license,  fee,  $25  and  addi* 
tiooal  fees  of  $15  to  $25  for  each  bear  killed.  license  not  issued  to  boys  under  18  years  of  age  without 
written  consent  of  parent  or  guardian.  Issued  by  Provincial  game  warden  or  authorized  agent.  Ll- 
oensee  must  wear  badge.  No  license  required  of  a  resident  to  trap  on  own  land  during  open  season. 
Fttmlssion  of  owner  required  to  trap  on  inclosed,  cleared,  or  cultivated  land  of  another.  A  licensed  trap- 
per who  first  occupies  a  trap  line  prior  to  November  14  is  protected  against  other  trappers.  Unlawful 
to  touch  or  interfere  with  traps  set  by  a  licensed  trapper.  License  must  be  returned  within  two  months 
after  it  expires,  with  a  statement  of  number  of  fur  animals  of  each  kind  taken.  Fur  dealer:  Resident, 
$25  (does  not  ^ply  to  licensed  trapper  selling  skins  taken  by  himself);  nonresident  or  his  agent,  $200. 
lioaae  required  for  each  place  of  business.  Fur  dealer  must  make  verified  report  on  or  before  August 
31  showing  number  and  kinds  of  skins  purchased  and  date  of  transactions.  TaxidermM,  $5.  Game  con* 
servation  board  may  grant  permits  (fee,  $25)  to  buy  furs  at  wholesale  from  licensed  fur  dealers  or  at 
public  auction. 

JVnneilim  and  sale:  Unlawful  to  sell  pelts  taken  during  close  season.  Possession  of  pelts  of  fur  animals 
allowed  only  during  open  season  and  for  two  months  thereafter  (three  months,  north  of  52d  parallel), 
except  under  special  permit  from  Provincial  game  warden.  Unlawful  for  fur  trader  to  possess  skins  on 
vlileh  royalty  has  not  been  paid.  Does  not  apply  to  skins  taken  by  a  licensed  trapi>er  if  sold  to  aUoensed 
nsldaDt  dealer  nor  to  skins  of  animals  raised  in  captivity. 

I*  Alberta:  Unlawful  to  destroy  a  beaver  dam,  unless  antiicrlsed  to  do  so  by  the  lieutenant  governor  in 
eoondl,  who  may  also  authorise  the  killing  of  beaver  or  other  fur  animals  when  such  idlling  is  deemed  to 
befai  the  public  interest. 

"  Lieutenant  governor  In  ooundl  may  declare  open  seasons  locally  on  beaver  and  muskret. 

"  Unlawful  to  trap  fox  for  export. 

^Brititk  Columbia:  Seasons  on  fur  animals  fixed  annually  by  lieutenant  governor  in  ooaodL  Vor 
^^V'^'^iaa,  wpply  to  Secretary,  Game  Conservation  Board.  Vancouver^  British  Colombia. 
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SUpment  aod  eiport :  Export  of  pelts  of  fur  animals  allowed  only  during  open  season  and  for  two  months 
thereafter  (three  months ,  north  of  52d  parallel) ,  under  special  permit  of  Provincial  game  warden .  Pack- 
ages must  be  prepared  so  that  they  may  be  easily  opened  for  examination,  or  labeled  with  a  ftill  description 
of  the  contents ,  and  names  and  addresses  of  the  consignor  and  consignee. 

Propagation:  A  permit  from  the  game  conservation  board  is  required  to  propagate  ftir-bearing  animals. 
Breeder  must  keep  a  record  of  transactions  as  to  purchases  and  sale  of  stock,  which  record  must  be  open 
to  inspection  of  any  game  warden,  and  must  make  verified  report  to  game  conservation  board  on  or 
before  August  31.  Live  foxes  may  be  exported  only  under  permit,  and  a  permit  is  required  to  take 
foxes  or  other  fur  animals  in  close  season. 

BoimUes:  Rates  fixed  from  time  to  time  by  lieutenant  governor  in  council. 

MANITOBA. 

Open  season:** 

North  offifty4hird  parallel  ^  DaUs  indutivf. 

Fisher,  pekan,  sable,  marten,  mink Nov.  l>Mar.  31. 

Otter,  beaver Nov.  l-Apr.  30. 

Muskrat  (additional  season,  Nov.  1-30) Mar.  15-May  15. 

Fox,  lynx Nov.  1-Feb.  28. 

South  offiftjHhird  parallel: 

Fisher,  pekan,  sable,  marten,  mink Nov.  l-Mar.  31. 

Beaver,"  otter No  open  season. 

Muskrat Mar.  15-Apr.  30. 

Fox,  lynx Unprotected. 

Prohibited  methods:  Use  of  poison  in  taking  fur  animals  is  prohibited.  Unlawful  to  shoot  or  spear  mnsk- 

rats  or  to  destroy  muskrat  houses. 
Licenses:  Trapping:  Resident,  12;  nonresident  Canadian  citizen,  125;  nonresident  alien,  1100;  issued  by 
minister  of  agriculture  and  immigration.    Permis.sion  of  owner  required  to  trap  on  cultivated  or  inclosed 
lands  of  another.    Licensee  must  return  his  license  and  make  a  report  during  the  month  of  June  showing 
thftnumber  of  each  kind  of  animal  taken.    Fur  trading:  Wholesale  raw  fur  dealer,  $50;  raw  fur  bujro, 
125;  resident  raw  fur  merchant  or  trader,  110;  resident  traveling  agent,  110;  issued  by  minister.    Li* 
censees  are  required  to  keep  record  and  to  make  annual  returns  before  September  30.    Fur  dresHng  oW 
tanning:  $10;  issued  by  minister.    Licensee  must  keep  records  and  report  to  the  chief  game  guardiiB 
on  or  before  the  10th  of  each  month  the  nimiber  of  royalty  pelts  handled  and  the  name  and  addrss 
of  person  forwarding  or  delivering  the  skins. 
Possession  and  sale:  Possession  of  unprime  skins  prohibited.    Unlawful  to  purchase  or  sell  the  skins  of 
muskrats  that  have  been  speared  or  shot.    Any  x)erson  purchasing  or  acquiring  pelts  from  a  trapper 
must  ascertain  that  he  holds  proper  trapping  permit  and  at  the  same  time  record  his  name  and  tbe 
number  of  his  permit.    Unlawful  to  purchase,  barter,  or  trade  the  pelt  of  a  fur  animal  taken  during 
close  season  (does  not  apply  to  imported  skins).    No  other  restrktions  on  skins  legally  taken. 
Shipment  and  export :  Export  prohibited  of  unprime  skins  or  skins  on  which  royalty  is  payable  unless  snch 
sjdns  have  coupons  attached  to  show  royalty  paid;  each  shipment  must  have  attached  a  declaration  d 
the  number  and  kinds  of  skins  contained,  and  also  set  forth  that  royalty  coupons  are  attached  as 
required.    No  other  restrictions  on  skins  legally  taken.    Export  prohibited  of  live  protected  ftniipali 
(except  ranch-bred  animals)  except  under  x>emiit  from  minister  of  agriculture  and  immigration  (pet- 
mitmust  accompany  shipment  to  destination);  fees,  for  black  or  silver  fox,  1100;  for  other  fox,  $15;  for 
otter,  125;  for  beaver,  $5;  for  mink,  fisher,  or  marten,  II;  for  muskrats,  12  a  dozen  or  fraction  thereof. 
Propagation:  License  (foe,  15)  must  bo  obtained  from  the  minister  of  agriculture  and  immigration  to  * 
operate  a  fur  farm.    Licensee,  on  or  before  the  first  days  of  January  and  July,  must  make  verified  reports 
showing  the  number,  species,  age,  and  sex  of  the  animals  on  hand,  from  whom  procured,  and  the 
number  which  have  died  during  previous  six  months,  with  cause  of  death. 
Bounties:  Timber  wolf, »  $6;  other  wolf,  »*  12;  half  U  refunded  to  municipality  by  the  Provincial  treasurer. 

NEW  BRUNSWICK. 

Open  seasons:  Dates  inclusive. 

Mink,  otter,  fisher Nov.  l-Mar.  3L 

Fox Oct.  l-Mar.  1. 

Muskrat  (season  opens  at  noon  and  closes  at  noon) Mar.  2S-May  1. 

Beaver,  sable No  open  season.** 

Other  fur  animals Unprotected. 

Prohibited  methods:  Unlawful  to  take  fur  animals  by  use  of  poisons,  or  to  dig  (Hit  foxes  from  their 
homes  or  earth  burrows. 


•>  Manitoba:  Trapping  in  Provincial  game  preserves  prohibited. 

»<  Chief  game  guaxtlian  may  take  necessary  steps  to  prevent  beaver  doing  damage,  but  no  beaver  dams 
may  be  disturbed  between  Oct.  1  and  Apr.  1. 

•*  Poison  may  not  be  ased  to  capture  wolves  for  bounty. 

M  New  Brunswick:  Expires  Dec.  31,  1023.  Holder  of  permit  from  minister  may  take  beaver  from 
Nov.  1  to  Apr.  1. 
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Trappers  and  fur  ieaUrs.'*'  Persons  domiofled  in  Province,  $10;  all  other  persons,  150.  Trap- 
pers and  fur  dealers  must  furnish  the  minister  with  written  declarations  showing  their  names  and 
addresses,  the  location  of  warehouses,  shops,  posts,  or  caches  where  skins  are  to  be  stored,  and  the  places 
from  which  the  skins  will  be  shipped  out  of  the  Province,  and  must  make  monthly  reports  of  operar 
tioDS.  Issued  by  minister  of  lands  and  mines.  License  is  required  to  traffic  in,  cure,  or  tan  skins:  Resi- 
dent, 110;  nonresident  or  resident  alien,  $50;  issued  by  minister.  Special  license  (accompanied  by 
necessary  tags)  to  trap  beaver  from  Nov.  1  to  Apr.  1  may  be  issued  by  minister:  fee,  18  for  each  animal. 

PwHieiiion  and  sale:  Possession  prohibited  of  furs  on  which  royalties,  as  fixed  by  lieutenant  governor  in 
councfl,  have  not  been  paid;  possession  of  green  skins  or  carcasses  of  protected  fur  animals  in  close  season 
prohibited. 

Shipment  and  export:  Xo  restrictions^  on  sldns  legally  taken,  possessed ,  or  tagged. 

Propagation:  Permits  to  capture  wild  fur-bearhig  animals  for  propagation  within  the  Province  may  be 
obtained  from  the  minister  of  lands  and  mines,  who  fixes  the  fee  for  such  permit . 

Boontiet:  None  paid. 

NORTHWEST  T£RRITORIES.<» 

Open  8eMont:*>  Dates  inclusive. 

Mink,  fisher,  marten Nov.  1-Mar.  14. 

Otter,  beaver,  muskrat Oct.  1-May  14. 

White  fox Nov.  15-Mar.  31. 

PrahiUtod  methods:  Unlawful  to  use  poison  in  taking  fur  animals  or  to  destroy  or  injure  any  beaver  or 

mnskrat  house. 
Licenaes:  Trapping:  Resident,  S2;  nonre^dcnt,  British  subject,  125;  other  nonresident,  $50.    Fur  dealer, 
S5;  issued  by  Commissioner  of  Dominion  Parks.    Licen':e  not  required  of  native-bom  resident  Indiaa' 
Eskimo,  or  half-breed. 
TNitMlyu  and  sale :  Licensed  trapper  may  sell  or  trade  the  skins  of  animals  he  has  legally  taken.    Posses- 
sion of  unprlme  or  low-grade  furs  prohibited.    No  restrictions  on  other  skins  legally  taken. 
SUfmoit  and  export:  No  restrictions  on  skins  legally  taken  and  possessed. 
Pnptfadoa:  Permits  may  be  obtained  to  take  fur  animals  for  propagation. 
Bnatiaa:  Tfxnber  wolf.  $20. 

NOVA  SCOTU. 

open  Maaons:  i  Dates  inclusive. 

B»ver,  marten No  open  season. 

Bear,  wolf,  wildcat Unprotected. 

Other  fur  animals Nov.  1-Jan.  31. 

I^nhlbited  methods:  Unlawful  to  take  any  protected  fur  animal  (unless  under  a  permit)  from  a  burrow 
or  den  by  smoldng,  digging,  or  otherwise;  to  take  fur  animal  by  use  of  poison;  to  damage  or  molest  a 
beaver  dam  or  house  or  a  muskrat  house  or  to  set  snare  or  trap  within  25  feet  of  the  latter. 

Ueeoaes:  Trapping:  None  required  of  resident;  nonresident,  $30;  issued  by  Provincial  secretary,  game 
commissioners,  and  county  clerks-  Fur  buyers:  Nonresident,  $25;  resident,  $2;  Issued  by  chief  game 
commissioner.  Pur  buyer  must  keep  record  and  make  monthly  report  of  number  of  skins  bought  or 
nM,  together  with  names  and  addresses  of  parties  from  whom  purchased  or  to  whom  sold. 

l^w  ibiuu  and  sale:  Unlawful  to  xxwsess  or  sell  the  green  hide  of  any  beaver  or  mavten,  or  to  poeseiB 
the  green  hide  of  any  fur  animal  taken  out  of  season.    No  other  restrictions  on  skins  legally  taken. 

Shipment  and  export:  Unlawful  to  exiwrt  skins  of  fur  animals  except  under  oertificate  of  inspeotkm 
and  permit  (fee,  50  cents)  from  a  game  official  (postmaster). 

PnpafitflDn:  Permits  (fee,  $1)  to  take  wild  animals  may  be  obtained  from  the  board  of  game  oommia- 
sioners  under  such  restrictions  as  they  may  require.  Unlawf u  1  to  keep  f  ux^bearlng  animals  In  captivity 
for  breeJing  purposes  without  a  permit  from  the  chief  game  commissioner;  fee,  $2  for  each  kind  of  anl- 
oial  kept,  payable  annually.  Reports  are  required  annually  on  September  30.  Unlawful  to  trespass 
mioelosores  for  fur  animals. 

Bonatiea:  None  paid. 

^  New  Brunswick:  License  requirements  and  other  provision  of  act  do  not  apply  to  a  hunter  or 
tapper  who  is  a  British  subject  domiciled  and  rosidim;  in  Province,  who  actually  hunts,  provided  he  sells 
his  fors  to  a  person  domiciled  in  the  Province. 

"  "Northwest  Territories**  means  the  northwest  tGrritorica  formerly  known  as  Rupert's  Land  and  the 
N'orthwestem  Territory  (except  such  portions  thereof  m  arc  included  in  the  Provinces  of  Ontario,  Quebec, 
Manitoba,  Saskatchewan,  and  Alberta,  and  the  Yukon  Territory),  together  with  all  British  territories 
and  possessions  in  North  America  and  all  L^t lands  adjacent  thereto  not  included  within  any  Province,  except 
the  Colcmy  of  Newfotmdland  and  its  dependencies. 

»  All  trapping  prohibited  on  Victoria  and  Banks  Islands. 

^Nooa  Scotia:  Fox,  raccoon,  skunk,  weasel,  or  muskrat  may  beldlled  oa  one's  own  inclosed  premises 
Ux  the  protection  of  private  property. 
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ONTARIO. 

open  seasons:  DaUt  Htduahe. 

Mink,  fisher,  marten Nov.    1-Apr.80i 

Moskrat  (see  exception) : Apr.    1-May  20. 

EiceptUm:  .South  of  French  and  Mattawa  Rivers Mar.    l-Apr.  20. 

Beaver,  otter Nov.  1-Mar.31.> 

O th  er  fur  animals U nprotected. 

Pndilbited  methods:  Unlawful  to  shoot  or  spear  maskrats  or,  except  when  they  are  destroying  property, 
to  injure  their  houses. 

Lkenset:  Kesident,  15;  nonresident,  $50;  issued  by  Department  of  Game  and  Fisheries.  Nonresideot 
not  permitted  to  take  beaver  or  otter.  Beaver  and  otter  skins  must  bear  prescribed  coupons  (fee, series 
of  5, 12.50— trapper  limited  to  10  coupons  for  beaver  and  otter  a  season).  License  not  required  to  take 
wolf  or  fox.  Farmers  and  their  sons  may  trap  on  own  land  during  open  season  without  license,  except 
that  a  $1  license  is  nece^^sary  to  trap  beaver  or  otter  thereon.  Permission  of  owner  required  to  trap  beaver 
on  lands  of  another.  Treaty  Indian  living  north  and  west  of  French  and  Mattawa  Rivers  and  Lake 
Nlpisslng  and  holding  annual  certificate  from  Department  of  Indian  Affairs  not  required  to  obtain 
tnipping  license,  but  is  limited  to  10  beaver  or  otter  a  season,  the  skins  of  which  may  only  be  sold  to 
persons  licensed  to  issue  coupons.  Treaty  Indian  must  produee  his  certificate  to  buyer  and  have  indorsed 
thereon  the  number  and  kind  of  skins  bought,  numbers  of  the  coupons  attached  thereto,  and  retmn 
certificate  to  Department  of  Indian  AfEairs.  Fur  dealers  or  traders:  resident  British  subject,  110;  allflD, 
$25;  licensee  must  make  monthly  reports.  Fur  dressing  and  tanning,  $10;  licensee  must  keep  records 
and  make  monthly  report s . 

Possession  and  sale :  Possession  of  fturs  during  close  season  prohibited  except  under  permit.  PossessioD 
and  sale  of  unprlme  skins  prohibited,  except  under  penni  t .  Unlawful  for  trapper  or  fiirmer  to  sell  beaver 
or  otter  skins  except  to  a  licensed  dealer,  from  whom  he  must  secure  a  receipt  showing  number  of  ptfts, 
numbers  of  coupons  attached,  and  number  of  dealer's  license,  which  receipt  must  be  forwarded  to  the 
Department  of  Game  and  Fisheries.  Unlawful  to  have  skins  dressed,  plucked,  or  treated  in  any  wiy 
except  under  permit  obtained  upon  pa3rment  of  royalties. 

Shipment  and  export:  Export  prohibited  except  under  permit  obtained  upon  payment  •of  royalties. 
No  other  restrictions  on  skins  legally  taken,  possessed,  or  tagged. 

Propagatian:  A  permit  Is  required  of  breeders  of  game  or  fur  animals.  Licensed  fur  breeders  may  bbU 
live  animals  or  skins  during  open  season  upon  payment  of  royalties.  The  minister  may  gr^nt  pcrndts 
to  take  fur  animals  during  the  close  season  for  propagating  and  scientific  imrposes. 

Bounties:  Gray  timber  wolf,  $20;  other  wolf,  $5;  paid  by  county,  but  Provincial  treasurer  refunds  40 
per  cent  to  county.    Provincial  treasurer  pays  entire  bounty  In  unorganised  counties. 

PRINCE  EDWARD  ISLAND. 

Open  seasons:  Dates  indtutu. 

Otter,  marten,  mink,  maskrat Nov.  l-Mar.3L 

Beaver r..  No  open  season.' 

Other  fur  animals Unprotected. 

Prohibited  mettiods:  Unlawful  to  put  out  poisoned  baits  for  fox  or  other  animals. 

License!:  None  required  of  resident;  nonresident,  $50;  issued  by  secretary-treasurer  of  Province.   Its 

game  warden  may  grant  permits  to  take  beaver  and  issue  coupons  (fee,  $1  each)  to  tag  sktns  of  s 

taken. 
Possession  and  sale:  Possession  and  sale  during  close  season  prohibited.    Holdersof  permitsmay  ] 

buy,  or  sell  beaver  skins  which  have  proper  coupons  attached. 
Shipment  and  eiport:  No  restricttons  on  animals  legally  taken,  possessed,  and  tagged.  * 
Propagation:  Several  special  acts  of  the  Provincial  legislature  regulate  fox  ranching  on  the  Island.   The 

animals  are  assessed  for  taxation,  ranches  are  protected  from  trespass  under  heavy  penalties,  and  inoomM 

from  ranches  are  taxed. 
Bounties:  None  paid. 

QUEBEC. 
Open  seasons :  DaU$  indfttim. 

Bear Atig.2O-Juiie30L 

Muskrat  (see  exception) Nov.  1-May  31. 

Exception:  South  of  50th parallel Nov.  1-Apr.30. 

Fox Nov.  1-Feb.  28. 

Other  fur  animals Nov.  1-Mar.  31. 


Wntario:  Beaver  and  otter  may  be  taken  by  residents  only.  Not  more  than  foiu"  beaver  may  be  taken 
from  a  family  or  colony.  Beaver,  when  damaging  property,  may  be  destroyed  by  game  overseer  under 
special  authorization  from  the  department  of  game  and  fisheri&<«. 

*Prince  Edward  Island:  Beaver  may  bo  taken  under  special  license.  They  may  bo  destroyed  by  the 
owner  of  private  property  on  which  they  are  locating  or  building  dams,  and,  under  permit  from  game 
warden  or  lieutenant  governor  in  council,  their  dams  may  be  destroyed  when  necessary  to  prevent  damage 
to  property. 
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Laws  Relating  tg  Fur-Bearing  Animals,  1920.  29 

RtUbtted  mediodt:  Use  of  poisons  In  taking  fur  animals  prohibited. 

IkmMtm:  Tmpptn «  and  fur  dealert:  Persons  domiciled  in  Province,  110;  all  other  persons  $50;  Issued 
bf  minister  of  fisheries  and  game.  Trappers  *  and  fur  dealers  must  furnish  the  minister  with  written 
declarations  showing  their  names  and  addresses,  location  of  warehouses,  shc^,  posts,  or  cachef  where 
skins  are  to  be  stored,  and  the  places  from  whidi  such  furs  will  be  shipped  out  of  the  Province. 

PMHnion  and  aele:  Persons  engaged  in  buying,  selling,  or  taking  fur  animals  must,  on  or  before  the  lOtti 
of  each  month,  make  report  to  the  minister  of  fisheries  and  game.  Unlawful  to  jxissess,  buy,  or  sell 
skins  of  fur  animals  on  which  royalty  has  not  been  paid.    No  other  restrictions  on  skins  legally  taken. 

Shipment  and  eiport:  Shipment  and  export  prohibited,  except  of  fur  animals  or  furs  on  which  royalties 
have  been  paid.  Skins  must  be  shipped  open  to  view  and  each  skin  must  be  stamped  to  show  royalty 
paid  and  be  tagged  as  prescribed  by  the  minister  before  being  shipped  in  any  manner.  Packages  muse 
show  names  and  addresses  of  consignor  and  consignee. 

Pnpegatton:  The  minister  of  colontxation,  mines,  and  fisheries  may  grant  permits  to  take  animals  alive 
£v  breeding  purposes;  nonresident  license  fee,  from  $5  to  $25. 

BMiiitlea:  Wolf,  |15. 

SASKATCHEWAN. 
Open  seaaons:  >  Dates  induthe. 

Beaver Dec.  1-Apr.  aa* 

Mink,  fisher,  marten,  fox  (see  exception) Nov.  1-Mar.  81. 

Exception:  Fox,  south  of  Township  51 Unprotected. 

Otter Nov.  1-Apr.  30. 

Muakrat:' 

North  of  Township  52  (also  Nov.  1  to  Nov.  80) Mar.  1-Mayl4. 

Sooth  of  Township  58 '. Mar.  l-Apr.Sa 

Other  fur  animals Unprotected . 

Pnbibtted  methods:  Unlawful  to  use  poison  to  take  fur  animals,  to  spear  or  shoot  beaver  or  piuskrat,  or 

to  destroy  muskrat  houses. 
Iknaea:  Resident,  $2;  nonresident,  $26;  resident  licensee  must  return  license  on  or  before  May  31  to 
chief  game  guardian  with  statement  showing  number  of  each  kind  Jf  fur  animals  taken  by  him.  Fur 
dealer,  resident,  north  of  Township  25, 110;  south  of  Township  26,  $2;  traveling  agent  for  resident  dealer, 
HO;  nonresident  or  his  traveling  agent,  120;  taxidermist,  $5;  licensee  must  keep  duplicate  receipt  book 
and  furnish  a  copy  thereof  every  8  months  to  the  minister.  Issued  by  Department  of  Agriculture, 
Reglna.  Licensed  fur  trader  must  make  annual  report  of  operations.  Resident  treaty  Indians  may 
trap  durlns:  open  season  without  a  license.  Consent  of  owner  or  occupant  required  to  trap  on  inck)sed 
^  or  cultivated  lands  of  another.   No  license  issued  to  person  under  10  years  of  age  without  written 

eonsent  of  parent  or  guardian. 
TViiDeisien  and  tale:  Unlawful  to  buy,  sell,  or  possess  unprlme  furs,  except  those  oi  wolf  or  coyote.    No 

other  restrictions  on  skins  legally  taken. 
Shipment  and  eipoft:  Packages  containing  fur  animals  must  be  plain^  marked  with  full  description  of 
oonteots  and  names  and  addresses  of  consignor  and  consignee.    Export  of  live  fur  animals  prohibited 
except  under  permit  of  minister;  fees,  for  black  or  silver  fox,  125;  for  cross  or  red  fox  or  other  live  fur 
animal,  S5.    Unlawftil  to  ship  unprime  furs  except  wolf  or  coyote.    No  other  restrictions  on  skins  legally 


Permit  required  (fee,  |1  annually)  to  operate  a  fur  ranch.    Permit  to  ship  live  fur  animals 
is  required;  lee,  for  black  or  silver  fox,  125;  for  cross  or  red  fox  or  other  fur  animal,  15.    Young  foxes  may 
not  be  taken  from  dens  before  May  15. 
Bounties:  Adult  timber  wdf,  110;  pups  of  prairie  or  timber  wolf,  |1;  i)aid  only  In  properly  gasetted  wolf 
districts,  when  half  is  reftmded  from  Provincial  treasury. 

YUKON. 

OpenseiiOPi:*  Dates  induaive. 

Lynx,  marten,  mink,  otter Nov.  15-Apr.  1. 

Muskrat Deo.  1-Junel. 

Beaver No  open  season.* 

Other  fur  animals  (see  exception) Unprotected. 

Exception:  Fox  (under  1  year  of  age) June  1-Mar .  3 1 . 

*  Qit«b0c:  The  act  does  not  apply  to  a  hunter  or  trapper  who  actually  hunts,  if  he  is  domiciled  and  resides 
hi  tiie  Province,  and  is  a  British  subject. 

*  SathUchewan:  Trapping  on  game  preserves  prohibited. 

'  Beaver  are  protected  on  game  preserves  and  may  be  protected  in  any  municipality  upon  recommendi^ 
tion  of  the  council  and  proclamation  of  minister. 

f  Minister  may  authorize  the  council  of  any  municipality  to  destroy  muskrats  doing  damage  to  highways 
or  oither  public  improvements. 

*  Yftium:  Commissioner  in  council  may  alter  seasons. 
'BzplnsNov.l^] 
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Prohibited  methods:  Use  (tf  poison  prohibited. 

LiceiMef :  None  required  of  resident;  nonresident,  flOO.  For  buyer  or  dealer  (pnrchasing  fnis  for  sak 
or  export):  Nonresident,  1150;  resident,  S25;  mercantile  establishment  bnylng  fois,  SIO  (required  for 
ead)  place  of  business  other  than  head  oiflce);  issued  by  gold  commissioner  or  person  desig^uted  by 
him. 

Posseesion  and  sale:  Skins  legally  taken  may  be  possessed  and  sold  at  any  time. 

Shipment  and  eiport:  Export  of  raw  furs  prohibited  except  under  permit  issued  by  direction  of  the  com- 
missioner, and  upon  payment  of  the  export  tax.    Export  of  live  fox  prohibited.    {Set  Propagation). 

Propagation:  Registration  of  fox  breeders  required.  Unlawful  to  exiM>rt  a  fox  not  bom  in  captiyity  or 
which  has  been  in  captivity  for  less  than  a  year;  any  fox  bom  in  captivity  may  be  exported  under  a 
permit  (fee,  15).  Fox  and  other  fur  ranches,  if  posted  against  tresspass,  may  not  be  approached  without 
owner's  consent.    Nc  restrictions  on  other  fur  animals. 

Bounties:  None  paid. 

LAWS  OF  NEWFOUNDLAin). 

(1920  laws  not  received. ) 
Open  seasons: »  DaUt  inehuiu. 

Otter,  marten,  lynx Oct.  1-Mar.  3L 

Fox. Oct.16-Mar.14. 

Muskrat Oct.  1-Apr.  30 

Beaver No  open  season." 

ProhitHted  metliods:  No  restrictions. 

Licenses:  Nona  sequired  of  resident;  nonresident,  $501;  issued  by  justice.    Fur  buyers  and  shippeis, 
50  cents;  issued  by  game  and  inland  fisheries  board.    licensed  fur  buyer  must  report  operatioos 
before  December  31  of  each  year. 
Possession -and  sale:  No  restrictions  on  skins  legally  taken. 
Shipment  and  export:  (See  Licenses.)    Unlawflil  to  export  live  fox  unless  raised  in  captivity.    No  oQwr 

restrictions  on  skins  legally  take^ 
Propagation:  No  restrictions,  except  as  to  fox.  A  fox  farm  must  be  licensed;  the  owner  must  at  stated 
times  make  reports  to  the  game  and  inl^d  fisheries  board,  and  the  premises  must  be  at  all  times  open 
to  inspection  by  officers  of  the  board.  Possession  of  fox  cub  or  fox  taken  in  close  season  is  prohibited. 
Unlawful  to  export  a  fox  not  bred  on  a  fox  farm,  or,  without  permit  from  the  ootonJal  board,  to  export  i 
fox  bred  in  captivity. 
Bounties:  Crow,  20  cents. 

^  Newfoundland:  Unlawful  to  trap  on  Grand  Lake  Caribou  Preserves. 
*J  Expires  Oct.  1,1920. 
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OFHCIALS  FROM  WHOM  COPIES  OF  LAWS  RELATING  TO 
FUR-BEARING  ANIMALS  MAY  BE  OBTAINED. 

North  Carolina:    Secretary,  Aadubon  Society  of 

North  Carolina^  Raleigh. 
North  Dakota:   Secretary,  game  and  fish  board, 

Steele. 
Ohio:   Chief  game  warden,  board  of  agnonlture, 

Columbus. 
Oklahoma:  State  game  warden,  Oklahoma  City. 
Oregon:  State  game  warden,  Portland. 
Pennsylvania:   Secretary,  board  of  game  commla- 

sioners,  Harrisburg. 
Rhode  Island:  Chairman,  commissioners  of  birds, 

Providence. 
South  Carolina:  Chief  game  warden,  Columbia. 
South  Dakota:  State  game  warden,  Pierre. 
Tenneaaee;   State  game  and  fish  warden,  Nash- 

vllle. 
Texas:    Qame,  fish,  and  oyster  commissioner, 

Austin. 
Utah:  Flshandgameoommissloner,SaltLakeCity. 
Vermont:    Fish  and  game  commissioner,  Mont- 

pelier. 
Virginia:  Commissioner  of  game  amd  inland  fish- 
eries, Richmond. 
Washington:  Chief  game  warden  and  State  fish 

commissioner,  Seattle;  chief  depotylgame  warden, 

Yakima. 
West  Virginia:    For^,  game,  and  fish  warden, 

Elkins. 
Wisconsin:    Secretary,  conservation  commission, 

Madison. 
Wyoming:  State  game  warden,  Cheyenne. 


Department   of  conservation,    Mont- 
gomery. 

Alsska:  Secretary  of  Agriculture,  Washington, 
D.C.    See  footnote  5,  p.  7. 

Ariana:  State  game  warden,  Phoenix. 

Aikansas:  Secretary,  game  and  fish  commission. 
Little  Rock. 

CiHfcmia:  Executive  officer,  fish  and  game  com- 
mission, Postal  Telfigiaph  Building,  San  Fran- 
dsoo. 

(Mondo:  State  game  and  fish  commissioner,  Den- 
ver. 

ConnectJcut:  Secretary,  commission  of  fisheries  and 
game,  Hartford. 

Delaware:  Chiefgame  warden,  Dover. 

District  of  Columbia :  Superintendent  metropolitan 
police,  Washington. 

Ttoilda:  Secretary  of  state,  Tallahassee. 

Oeoifia:  Game  and  fish  commissioner,  Atlanta. 

Uaho:  Fhh  and  game  warden,  Boise. 

Qilef  game  and  fish  warden ,  Springfield . 
:  Superintendent,  division  of  fisheries  and 
game.  State  House,  Indiaiiai>oll3. 

lova:  St^te  fish  and  game  warden,  Lansing. 

Kiosas:  State  fish  and  game  warden,  Pratt. 

Keotocky:  Executiveagent,  game  and  fish  commis- 
sion, Frankfort. 

Louisiana:  Commissioner  of  conservation.  Court 
Building,  New  Orleans. 

ICafaie:  Commissioner  ofinland  fisheries  and  game, 
Augusta. 

Maryland:  State  game  warden,  512  Munsey  Build- 
ing, Baltimore. 

Massschusetts:  Director,  division  of  fisheries  and 
game,  State  House,  Boston. 

Michigan:  Commissioner  game,  fish,  and  fbrest-fire 
department,  Lansing. 

Mintteaota:  Gameandfishcommissloner,  St.  Paul. 

MiMissippi:  Secretary  of  state,  Jackson. 

Missouri:  Oame  and  fish  commissioner,  Jeflerson 
City. 

Montana:  State  game  warden,  Helena. 

Kebruka:  Chief  deputy,  game  and  fish  commis- 
sion, Lincoln. 

Nevada:  State  fish  and  game  warden,  Carson  City. 

New  Hampahire:    Fish  and  game  commissioner, 


New  Jersey:  Secretary,  board  offish  and  game  com- 
missioners, Trenton. 

New  Mexko:  Oame  and  fish  warden,  Santa  Fe. 

New  Tofk:  Secretary,  conservation  commission, 
Albany. 


Alberta:  Chief  game  guardian,  Edmonton. 
British  Columbia:  Secretary,  game  conservation 

board,  Vancouver. 
Manitoba:  Chiefgame  guardian,  Winnipeg. 
New  Brunswick:    Chief  game  and  fire  warden, 

Fredericton. 
Northwest  Territories:    Commissioner,  Dominion 

Parks  Branch,  Ottawa. 
Nova  Scotia:  Chief  game  oommlssioner,  HaUfEUc. 
Ontario:     Superintendent,   game   and   flshertes, 

Toronto. 
Prince  Edward  Island:  Oame  Inspectors  (county 

sheriffs). 
Quebec:   General  inspector,  fisheries  and  game, 

Quebec. 
Saskatchewan:  Chiefgame  guardian,  Reglna. 
Yukon:  Gold  commissioner,  Dawson. 

Colony  of  Newfoundland:  Secretary,  game  and  in- 
land fisheries  board,  St.  Johns. 
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PUBLICATIONS  OP  THE  UNITED  STATES  DEPARTMENT  OF 
AGRICULTURE  RELATING  TO  FUR-BEARINQ  ANIMALS. 

AVAILABLB  FOR  FREE  DISTRIBUTION  BY  THE  DEPARTMENT. 

The  Common  Mole  of  Eastern  tTnitcd  States.    (Farmers'  Bulletin  583.) 

Economic  Value  of  North  American  Skunks.    (Farmers'  Bulletin  587.) 

The  Dv^mesticated  Silver  Fox.    (Farmers'  Bulleton  795.) 

Trapping  Moles  and  Utilizing  Their  Skins.    (Farmers'  Bulletin  832.) 

The  Muskrat  as  a  Fur  Bearer.    (Farmers'  Bulletin  869.) 

Rabbit  Raising.    (Farmers'  Bulletin  1090.) 

Game  Laws  for  1920.    (Farmers'  Bulletin  1138.) 

Fur  Farming  as  a  Side  Line.    (Yearbook  Separate  693.) 

Trapping  on  the  Farm.    (Yeiu-book  Separate  823.) 

Annual  Report  of  the  Governor  of  Alaska  on  the  Alaska  Game  Law,  1919.    (Deptrt- 

ment  Circular  88.) 
Directory  of  Officials  and  Organizations  Concerned  with  the  Protection  of  Birds  xod 

Game,  1920.    (Department  Circular  131 . ) 
Maintenance  of  the  Fur  Supply.    (Department  Circular  136,  in  press.) 

FOR  SALE  BY  THE  SUPERINTENDENT  OF  DOCUMENTS,  GOVERNMENT 
PRINTING  OFFICE,  WASHINGTON,  D.  C. 

Deer  Farming  in  the  United  States.    (Farmers'  Bulletin  330.)    Price,  5  cents. 
The  Muskrat:    (Farmers'  Bidletin  396).    Price,  5  cents. 

Raising  Deer  and  Other  Large  Game  Animals  in  the  United  States.    ( Biological  Survey 
BuUetin  36.)    Price,  15  cents. 
32 
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POISON  IVY  AND  POISON  SUMAC 
AND  THEIR  ERADICATION 


FARMERS'  BULLETIN  1166 
UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 


Contribution  from  the  Bureau  of  Plant  Industry 
WM.  A.  TAYLOR,  Chief 


Wadiington,  D.  C.  October,  1920 


Show  this  bulletin  to  a  neighbor.    Additional  copies  may  be  obtained  free  from  the 
Division  of  l*ubUcations,  United  States  Deportment  of  Agriculture 
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MANY  PERSONS  obtain  their  first  acquaintance  with 
poison  ivy  or  its  relative,  poison  sumac,  by  being  pain- 
fully poisoned,  sometimes  as  the  result  of  collecting  the  foliage 
of  these  plants  for  ornamental  purposes,  despite  the  fact  that  it  is 
generally  known  that  contact  with  them  may  produce  severe 
inflcunmation  of  the  skin. 

In  many  localities  throughout  the  country  ^ison-ivy  growth 
is  so  abundant  as  to  discourage  attempts  to  destroy  it  in  order 
to  reduce  the  danger  of  injury,  and  even  under  more  favoraMe 
circumstances  cases  of  accidental  poisoning  must  be  expected. 
The  very  large  number  of  these  cases,  however,  could  be  greatly 
reduced  if  simple  means  of  recognizing  the  plants,  of  avoiding 
poisoning  by  them,  and  of  destroying  them  were  more  generally 
understood. 

As  a  preventive  measure,  thorough  washing  is  reconunended, 
since  the  poison  usually  requires  some  time  to  penetrate  into  the 
tender  layers  of  the  skin,  and  until  such  penetration  has  taken 
place  much  or  all  of  it  can  be  removed.  Ordinary  alkaline 
kitchen  soap  is  best  for  this  purpose.  A  thick  lather  should  be 
produced  and  the  washing  repeated  several  times,  with  thor- 
ough rinsing  and  frequent  changes  of  hot  water. 

The  methods  of  destroying  poison-ivy  growth  include  spray- 
ing with  salt  brine  (3  pounds  of  salt  to  the  gallon  of  water) 
repeated  se>reral  times  if  found  necessary  at  intervals  of  a  week 
or  two,  pulling  by  hand  or  grubbing  out  small  areas,  frequent 
mowing,  and,  in  fields,  plowing  followed  by  the  cultivation  of 
hoed  crops. 

Poison  sumac  usually  occurs  in  swampy  inaccessible  locations 
where  the  expense  of  eradication  is  not  warranted.  When  it 
grows  along  the  edges  of  paths  or  roads  or  in  frequented  places 
it  should  be  cut  o£f  close  to  the  ground,  after  which  the  roots 
should  be  grubbed  out  or  killed  by  applying  salt,  crude  oil,  or 
chemicals  to  the  newly  cut  surfaces  and  the  surrounding  soil. 
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IVY  AND  SUMAC  POISONING  LARGELY  PREVENTABLE. 

ALTHOUGH  it  is  generally  known  that  contact  with  poison  ivy 
XX  and  poison  sumac  may  cause  painful  inflammation  of  the  skin, 
many  persons  are  poisoned  because  they  do  not  know  how  to  recognize 
and  avoid  these  plants.  Much  injur\'  is  caused  by  permitting  poison 
ivy  to  spread  year  after  year  along  roadways  and  much-used  paths, 
frequently  in  small  patches  that  could  be  destroyed  with  compara- 
tively little  effort  or  expense.  Accidental  cases  of  ivy  and  sumac 
poisoning  are  to  be  expected,  but  the  very  large  nimiber  of  these 
cases  could  be  greatly  reduced  if  simple  means  of  detecting  and  deal- 
ing with  the  plants  and  of  preventing  their  poisonous  effects  were 
more  generally  imderstood. 

THE  POISON-IVY  PLANT. 

The  pK)i8on-ivy  plant  is  also  known  as  poison  oak  and  by  various 
local  names,  such  as  three-leaved  ivy,  poison  creeper,  climbing 
sumac,  markweed,  picry,  and  mercury.  It  grows  in  the  form  of 
woody  vines,  trailing  shrubs,  or  low  erect  bushes  and  adapts  itself 
to  the  greatest  variety  of  conditions,  flourishing  in  woods  or  in  the 
open,  in  low  moist  soil  or  in  dry  soil,  and  on  hillsides.     It  is  especially 

*Tlie  Public  Health  Service  has  recently  issued  a  general  summary  of  the  available  information  on  this 
subjectin  an  article  under  the  title  "  Ivy  and  Sumac  Poisoning,"  by  E.  A.  Sweet  and  C.  V.  Grant,  prepared 
in  collaboration  between  that  service  and  the  United  States  Department  of  Agriculture  and  published  in 
Public  Health  Reports,  vol.  35,  pp.  435-458,  Feb.  27, 1920.  As  the  edition  of  the  report  specifled  was  limited 
ithas  been  found  desirable  to  make  the  information  available  for  further  distribution  in  the  form  of  the 
present  bulletin,  which  is  based  largely  upon  the  article  mentioned.  The  methods  of  eradication  herein 
socgested  were  developed  as  the  result  of  experiments  carried  on  by  the  OfDoe  of  Forage-Crop  Investiga- 
tions. 
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abundant  along  fence  rows  and  at  the  edges  of  paths  and  roadways, 
scrambling  over  rocks  and  walls,  climbing  posts  or  trees  to  considera- 
ble heights,  often  mixed  with  other  shrubbery  in  such  'a  way  as  to 
escape  notice  until  attention  is  attracted  to  it  by  the  occurrence  of 
cases  of  poisoning. 

Poison  ivy,  or  poison  oak,  is  found  in  one  or  more  fonns  in  prac- 
tically all  sections  of  the  country.  The  various  forms,  while  they 
include  several  distinct  botanical  species,  differ  mainly  in  the  shape 
and  margins    of    the  leaflets,  the  size  of  the  fruit,  and  the  habit  of 

growth  and  are  so 
much  alike  in  general 
character  that  famil- 
iarity with  any  one 
form  will  make  it  pos- 
sible to  recognize  the 
plants  wherever  en- 
countered, whether  as 
vines  or  shrubs,  or  at 
least  to  avoid  all  plants 
bearing  a  suspicious 
resemblance  to  them. 

HOW  TO  DETECT 
POISON  IVY. 

The  plants  are  most 
readily  recognize<l  by 
their  leaves,  which  are 
alwa3's  divided  into 
three  leaflets  in  the 
manner  shown  in  fig- 
ure 1,  and  by  their 
whitish  waxy  fruits, 
which  look  somewhat  like  mistletoe  berries,  each  containing  a  single 
stony  seed.  The  homely  saying  ''Leaflets  three,  let  it  be*'  offers  a 
measure  of  safety  to  those  who  are  imacquainted  with  poison  ivy, 
oven  though  it  may  occasionally  lead  to  undue  suspicion  and  the 
avoidance  of  some  innocent  or  harmless  plant.  The  plants  do  not 
all  bear  fruits  but,  when  discovered,  the  whitish  or  cream-colored 
berries  (more  correctly  called  drupes),  shown  on  the  fruiting  spec- 
imen in  figure  2,  make  recognition  positive.  These  remain  far 
into  the  winter  and  thus  point  out  the  plants  long  after  there  leaves 
have  fallen. 


Fig.  1.— T^af  of  poison  ivy  ( Rhus  radicans  L.).    The  poison-ivy  leaf 
is  always  divided  into  three  leaflets. 
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DESCRIPTION  OF  THE  PLANTS  OF  POISON  IVY. 

The  vines  will  be  found  spreading  by  underground  root  stems  and 
sending  up  an  abundant  shrubby  growth,  the  branches  of  which 
show  a  tendency  to  ascend  any  convenient  support,  attaching  thcm- 


FiG.  2.— Poison  ivy  (Rhtu  radkana  L.).    Branches  of  the  poison-ivy  vine,  showing  the  leaves,  fruit, 

and  aerial  rootlets. 

selves  by  means  of  masses  of  the  small  rootlets  illustrated  in  figure  2, 
but  lacking  the  twining  tendrils  found  on  many  climbers. 

The  erect  bushes  or  trailing  shrubs  attain  a  height  varj'ing  from 
a  few  inches  to  about  3  feet,  but  in  favorable  situations  may  make  a 
luxuriant  bushy  growth  4  or  5  feet  high. 
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The  leaves  of  all  forms  have  stout,  rather  long  stalks,  bearing 
three  leaflets,  two  of  which  are  opposite  and  short  stalked,  while  the 
end  leaflet  is  long  stalked.  The  leaflets  vary  from  1  to  4  inches  in 
length  and  when  mature  are  dark  green  on  the  upper  surface,  lighter 
and  sometimes  velvety  underneath.  The  crinkly  young  leaves  are 
red  when  they  first  imfold,  becoming  green  with  tte  advance  of 
mild  weather,  and  tummg  in  autumn  to  beautiful  shades  of  scarlet 
and  orange.  In  lieu  of  a  description  of  the  variability  seen  in  the 
shape  and  margins  of  leaflets,  it  will  be  less  confusing  to  refer  to 
figures  1,  2,  3,  and  4,  which  illustrate  the  general  range  of  these 
variations  and  at  the  same  time  show  the  striking  similarity  in  the 
leaves  of  all  forms.  The  tendency  of  the  leaflets  to  form  irr^ular 
notched  or  indented  margins  is  an  aid  in  recognizing  the  plants,  and 
in  leaflets  with  generally  smooth  margins  a  deep  notch  or  several 
indentations  on  the  side  (figs.  1  and  2)  will  often  serve  to  confirm 
their  identification  as  poison  ivy. 

The  small  5-petaled  yellowish  green  flowers  appear  in  eariy  sum- 
Iner  in  clusters  1  to  3  inches  long,  growing  out  of  the  angles  between 
the  leafstalk  and  the  plant  stem  or  above  scars  along  the  sides  of  the 
branches,  and  are  followed  by  small,  roundish,  smooth  green  fruits, 
about  one-fourth  inch  in  diameter,  which  become  white  or  ivor}' 
color  as  they  ripen, 

LOCAL  FORMS  OF  THE  PLANTS  OF  POISON  IVY. 

The  forms  ^  in  which  the  plants  are  foimd  vary  in  different  sec- 
tions of  the  country.  In  the  eastern  and  central  portions  of  the 
.United  States  are  found  poison-ivy  vines,  trailing  shrubs,  and 
bushes  with  leaves  similar  to  those  of  the  specimen  shown  in  figure 
2;'  also  a  low,  erect,  small-fruited  bush,  which  in  many  localities 
in  the  northern  part  of  this  region  is  the  only  form  seen  and  is  some- 
times called  northern  poison  oak/  In  the  region  from  New  Jersey, 
Delaware,  and  Virginia  south  and  southwestward  there  is  f  oimd  a  so- 
called  poison  oak  ^  that  does  not  climb,  bearing  leaflets  as  shown  in 
figure  3,  resembling  those  of  certain  eastern  oaks.  West  of  this 
region,  extending  into  the  Rocky  Mountains,  these  forms  are  replaced 
by  a  thicker  leaved  low  bush  or  traihng  shrub,  usuaUy  called  poison 
oak,'  which  does  not  climb.  In  the  Pacific  coast  region  the  plant 
generally  known  as  poison  oak^  occurs  as  a  bush,  with  leaflets  as 

<  Poison  Ivy  and  poison  sumac  comprise  a  toxic  group  which  has  generaDy  been  placed  by  botaidoil 
authors  under  the  genus  Rhus.    By  some  botanical  authors  they  are  grouped  under  the  generic  i 
Toxicodendron. 

>  Rhus  radicant  L. 

*  Rhus  microcarpa  (Michx.)  Oteud.    By  some  authors  considered  only  a  form  of  Rhus  ndieans. 

*  Rhus  quereifolia  ( Michx. )  Steud.    The  name  Rhus  toxicodtndron  has  been  applied  to  this  plant  by  s 
authors,  but  is  generally  considered  to  refer  to  the  poison-ivy  vine  (Rhus  radkxms). 

*  Rhus  rydbngii  Small.    By  some  authors  this  is  considered  only  a  low  form  of  Rhus  radkans. 
f  Rhus  divnsiloba  Torr.  and  Gray. 
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shown  in  figure  4,  resembling  the  leaves  of  western  oaks,  but  it  is 
also  found  as  a  vine  and  is  sometimes  called  poison  ivy  or  yeara. 

It  may  be  noted  that  in  various  localities  the  plants  with  leaflets 
resembling  certain  kinds  of  oak  foliage,  including  certain  forms  that 
do  not  climb,  are  sometimes  called  poison  oak.  This  name  is  often 
used  to  distinguish  such  forms  from  poison-ivy  vines..  As  climbing 
forms  are  found  with  oak-leaved  foliage  and  leaflets  of  the  poison-ivy 


Fio.  3.— Poison  oak  (Rhiu  quercifolia  (MJchx.)  Steud.)  of  the  eastern  United  States. 

vine  forms  are  frequently  more  or  less  lobed  like  oak  leaves,  efforts 
to  make  this  distinction  between  poison  ivy  f  and  poison  oak  are 
confusing,  and  many  persons  use  either  name  for  all  forms  of  the 
plants. 

CONFUSION  OF  POISON  IVY  WITH  THE  YIRGINU  CREEPER. 

In  the  Eastern  States  and  westward  as  far  as  Wyoming  to  Texas, 
the  Virginia  creeper  '  is  found  generally  in  the  same  locations  as 

*  Parthenocissus  quinqtufoUa  (L.)  Planch. 
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poison-ivy  vines,  often  mixing  with  the  ivy  growth,  which  it  resembles 
in  its  climbing  habit  and  in  the  shape  of  its  leaflets.  In  this  way  it  is 
sometimes  confused  with  poison  ivy,  but  it  is  harmless  to  the  touch 
and  is  readily  distinguished  by  its  leaves,  which  generally  bear  five 
leaflets  to  a  stalk,  as  shown  in  figure  5.  It  climbs  partly  by  aerial 
rootlets,  like  those  of  poison  ivy,  but  also  has  numerous  tendrils, 


Fio.  4.— Poison  oak  {Rhut  diversiloba  Torr.  and  Gray)  of  California  and  tbe  Faciflo  coast.    PortioD  of 

the  branch  in  flower. 

like  those  of  grapevines,  and  it  has  red-stenmied  blue  fruits,  each 
containing  two  or  three  seeds. 

THB  POISON-SUMAC  PLANT. 

Poison  sumac  •  is  also  known  as  swamp  sumac,  poi&on  elder, 
poison  ash,  poison  dogwood,  and  thunderwood.  It  grows  only  in 
swamps  or  in  wet  ground.  It  is  found  from  the  New  England 
States  south  as  far  as  Florida  and  westward  to  Minnesota,  Arkansas, 
and  Louisiana.     It  grows  as  a  shrub  in  clumps,  with  tall  slender 


^Rhut  remix  L. 
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stems  6  to  10  feet  or  more  in  height;  also  frequently  as  a  tree  up  to  20 
or  30  feet  high,  with  a  trimk  5  to  10  inches  in  diameter. 

HOW  TO  DETECT  PQISON  SUMAC. 

The  leaves  of  poison  sumac  are  divided  into  7  to  13  leaflets,  arranged 
in  pairs  with  a  single  leaflet  at  the  end,  as  shown  in  figure  6.  The 
avoidance  of  shrubs  growing  in  low  land  with  leaves  of  this  general 
character  is  a  safe  rule  for  persons  not  well  acquainted  with  poison 
sumac,  although  it  may  lead  to  needless  avoidance  of  some  harmless 
plants.  The  cream-colored  fruits  of  poison  sumac,  resembling  those 
of  poison  ivy  but 
growing  in  looser  clus- 
ters, 3  to  8incheslong,- 
^emain  through  the 
w-inter  and  make 
recognition  positive. 
Poison  sumac  grows 
only  on  wet  land,  but 
sometimes  occm^j  in 
unsuspected  places 
along  roadways  at  the 
edges  of  swamps  or 
along  low,  miry  banks 
of  streams. 

DESCRIPTION  OF 
POISON  SUMAC. 

The  poison-sumac 
bush  or  tree  has 
smooth  grayish  bark 
on  the  trunk  and 
older  branches,  while 
the  young  new 
branches  are  reddish 
brown.  The  leaves 
vary  from  7  to  14 
inches  in  length  and  consist  of  a  clean  stalk  bearing  7  to  13  leaflets, 
arranged  opposite  one  another  in  pairs,  with  a  single,  usually  long- 
stalked  leaflet  at  the  end.  The  leaflets,  which  are  of  an  elongated 
oval  shape  with  whole  margins,  grow  from  3  to  4  inches  long  and 
U  to  2  inches  wide.  They  are  velvety  and  of  a  bright-orange 
color  when  they  first  appear  in  the  spring,  later  becoming  dark 
green  and  glossy  on  the  upper  surface,  with  prominent  scarlet 
niidribs,  and  paler  green  imdemeath.  They  turn  early  in  autumn 
to  brilliant  red,  orange,  and  russet  shades.  The  small  5-potaled 
1657*»— 20 2 
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Fig.  5.— Leaf  of  Virginia  creeper  (ParthenocUtM  quinque/olia  (L.) 
Planch.).    Note  that  the  leaf  Is  divided  into  five  leaflets. 
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yellowish  green  flowers  appear  early  in  summer  in  loose  slender 
clusters  about  3  to  8  inches  long,  growing  out  of  the  angles  of  the 
leafstalks  near  the  ends  of  the  branches.  They  are  followed  by 
shining  ivory-white  or  cream-colbred  fruits,  resembling  those  of  poison 
ivy,  about  one-fourth  inch  in  diameter,  each  containing  a  single  stone. 

CONFUSION  OF  POISON  SUMAC  WITH  HARMLESS  SUMAC  AND  OTHER 

PLANTS. 

As  suggested  by  the  names  applied  to  it,  poison  sumac  is  often  con- 
fused with  elder,  certain  kinds  of  ash,  and  various  other  shrubs  and 
trees  bearing  somewhat  similar  foliage;  also  with  dogwood  to  which 


Fio.  6.— Poison  sumac  {Rhus  vemlx  L.).    From  a  water  color  by  F,  A.  Walpole. 

it  bears  no  resemblance.  It  is  at  once  excluded  from  plants  growing 
in  high,  dry  locations,  though  it  is  sometimes  foimd  at  the  edges  of 
swamp's  and  bogs  or  where  the  groimd  is  somewhat  dry  during  part 
of  the  year.  Its  loose,  drooping  clusters  of  flowers,  followed  by 
smooth  ivory-white  fruits,  are  readily  distinguished  from  the  densely 
covered  upright  terminal  spikes  of  the  harmless  sumacs  (conspicu- 
ously red  in  the  fruiting  stage)  and  from  those  of  other  shrubs  with 
which  it  is  confused.     The  leaflets,  7  to  13  in  nimiber,  are  borne  on 
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plain  round  stalks  and  have  a  tendency  to  fold  forward  in  the  manner 
shown  in  figure  6.  In  the  harmless  sumacs  the  leaves  bear  9  to  21 
leaflets,  or  31. leaflets  in  the  commoner  species.  Other  differences 
are  readily  noticed,  such  as  the  winglike  growth  along  the  mai^ins 
of  the  leafstalks  of  the  dwarf  smnac  and  the  hairy  coverings  of  the 
leafstalks  and  twigs  of  the  staghorn  sumac. 

POISONOUS  ACTION  OF  POISON  IVY  AND  POISON  SUMAC. 

Poison  ivy  and  i>oison  sumac  are  close  relatives  and  are  alike  in 
their  poisonous  properties.  Their  poisonous  principle  is  a  nonvolatile 
oily  substance  known  as  toxicodendrol,  which  has  such  violently 
irritant  properties  that  the  slightest  trace  deposited  on  the  skin  is 
capable  of  producing  severe  inflanmiation.  All  parts  of  the  plant 
contain  the  poison,  even  after  long  drying,  but  growth  in  which  the 
sap  is  abundant  is  the  most  dangerous. 

Poisoning  is  usually  caused  by  touching  or  brushing  against  the 
plants  or  by  handling  clothing  or  other  articles  which  have  been  in 
contact  with  them.  On  the  other  hand,  many  persons  are  convinced 
that  they  have  been  poisoned  in  passing  by  the  plants  or  observing 
them  from  a  short  distance,  without  actually  touching  them,  by  par- 
ticles carried  through  the  air.  There  is  much  difference  of  opinion 
and  conflicting  evidence  on  this  point.  Many  sensitive  individuals 
find  that  they  are  fully  protected  by  avoiding  actual  contact  with  the 
plants  or  with  articles  contaminated  with  the  poison.  It  is  well 
known,  however,  that  smoke  from  the  burning  plants  will  carry  the 
poison  and  may  cause  serious  injury. 

Many  persons  believe  themselves  immune  to  ivy  poison  and  seem 
to  be  able  to  handle  the  plants  freely  without  being  harmed.  Experi- 
ence and  experiments  seem  to  show,  however,  that  complete  immimity 
to  ivy  poisoning  does  not  exist,  and  many  supposedly  immime  per- 
sons have  not  only  been  poisoned  by  carelessly  handling  the  plants, 
but  afterwards  have  suffered  attacks  on  the  slightest  exposure. 

Taken  internally  in  sufficient  dose  the  plant  is  a  viqlent  irritant 
poison.  Cases  of  children  who  have  been  poisoned  by  eating  the  ripe 
fruits  have  been  reported. 

The  symptoms  of  ivy  poisoning  are  produced  as  the  irritant  poison 
penetrates  the  outer  surface  of  the  skin,  and  they  may  appear  within 
a  few  hours  or  be  delayed  until  five  days  or  longer  after  exposure. 
Itching  or  burning  sensations,  with  reddening  of  the  poisoned  surfaces 
and  more  or  less  swelling,  are  first  noticed,  usually  followed  by  the 
appearance  of  small  vesicles,  which  may  show  a  tendency  to  run 
together  and  form  blisters.  Pus  may  form  in  these  vesicles,  followed 
by  a  crust  or  scab  formation  as  the  eruption  dries.  The  acute 
symptoms  of  the  attack  usually  continue  to  develop  for  a  day  or  two, 
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followed   by  gradual  improvement  as   the  eflFects  of  the  irritant 
wear  off. 

PREVENTION  OF  IVY  POISONING, 

Those  who  are  sensitive  to  ivy  poisoning  should  not  only  avoid 

touching  the  plants,  but  also  should  use  care  in  handling  articles 

which  may  have  been  in  contact  with  them.     Contaminated  shoes, 

.  clothing,  or  tools  are  sources  of  poisoning  sometimes  overlooked,  as 

are  also  animals  that  have  access  to  poison-ivy  patches. 

While  the  plants  are  sometimes  so  abimdant  as  to  make  complete 
eradication  practically  impossible,  the  destruction  at  least  of  smaller 
areas,  especially  along  paths  and  in  frequented  situations,  should  be 
undertaken. 

After  exposure  to  poison  ivy,  measures,  to  insure  the  removal  of  the 
poison  are  of  primary  importance.  It  should  be  remembered  that 
at  first  the  poison  is  on  the  surface  of  the  skin  and  can  be  removed  by 
thorough  washing  and  rinsing  repeated  several  times.  Careless  wash- 
ing, however,  may  serve  to  spread  the  poison.  Ordinary  kitchen  or 
laundry  soap  which  has  an  excess  of  alkali  is  best  for  the  purpose, 
and  hot  water  should  be  used.  The  soap  should  be  used  freely,  so 
as  to  produce  an  abundant  heavy  lather  on  the  exposed  surfaces,  then 
rinsed  off  completely,  and  the  operation  repeated  not  less  than  three 
or  four  times.  Running  water  is  preferable,  or,  if  a  basin  is  used, 
the  water  should  be  changed  frequently.  The  hands,  especially  the 
finger  naUs,  should  receive  particular  attention,  in  order  to  remove 
traces  of  the  poison  which  they  may  harbor  and  transfer  to  other 
parts  of  the  body.  Hard  scrubbing  with  a  stiff  brush  is  not  advised, 
as  it  may  serve  to  rub  in  the  poison  and  stir  up  infection,  but  there 
is  no  objection  to  wash  rags,  provided  several  are  used  and  each  dis- 
carded in  turn.  The  poison  can  also  be  removed  by  cleansing  the 
exposed  parts  repeatedly  with  alcohol  diluted  with  an  equal  quantity 
of  water.  Alcohol  merely  dissolves  the  poison  and  unless  applied 
with  caution,  insuring  its  complete  removal,  will  spread  it  ctvev  wider 
areas.  The  alcohol  may  be  dabbed  on  with  a  piece  of  absorbent 
cotton,  promptly  removing  it  with  a  dry  piece,  discarding  each  piece 
of  cotton  as  used  and  repeating  the  procedure  a  number  of  times. 

REMEDIES  FOR  IVY  POISONING. 

Mild  cases  of  ivy  poisoning  generally  subside  within  a  few  days  and 
do  not  cause  alarm,  but  fatal  cases  have  occurred.  When  the  in- 
flammation is  extensive  or  severe,  a  physician  should  be  consulted. 
Since  the  inflammation  may  continue  to  develop  for  several  dajs, 
while  the  irritant  is  being  slowly  absorbed  into  the  tender  layers  of 
the  skin,  it  is  not  surprising  that  remedies  tried  in  the  early  stages 
may  prove  disappointing  or  that  if  they  are  discarded  in  favor  of 
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some  other  remedy  just  as  the  poison  becomes  exhausted  the  rapid 
improvement  which  is  then  noted  may  cause  the  last  remedy  to  be 
r^arded  as  a  sure  cure. 

Thorough  washing,  in  the  manner  described  as  a  preventive, 
should  be  tried  even  after  the  inflammation  has  developed,  in  order 
to  remove  from  exposed  surfaces  of  the  skin  all  traces  of  the  poison 
that  can  still  be  reached. 

For  the  inflammation,  simple  remedies,  such  as  local  applications 
of  solutions  of  cooking  soda  or  of  Epsom  salts,  one  or  two  heaping 
teaspoons  to  a  cup  of  water,  are  generally  as  helpful  as  any.  Fluid 
extract  of  grindelia,  diluted  with  4  to  8  parts  of  water,  is  often  used. 
Solutions  of  this  kind  may  be  applied  with  light  bandages  or  clean 
cloths,  which  should  be  kept  moist  and  should  also  be  changed  and 
discarded  frequently  in  order  to  avoid  infection.  During  the  night, 
ot  when  moist  applications  can  not  be  used,  the  poisoned  surfaces 
should  be  carefully  cleaned  and  dried  and  left  -exposed  to  the  air 
rather  than  tightly  bandaged.  Immersing  the  poisoned  parts  for 
several  minutes  in  water  as  hot  as  can  be  borne  or  applying  hot  towels 
where  this  is  impracticable  is  much  recommended  for  the  itching. 
This  measure  increases  the  discomfort  at  the  moment  of  application, 
but  it  is  followed  by  a  period  of  great  relief.  In  the  early  stages 
remedies  with  a  fatty  or  oily  base,  such  as  ointments,  should  not  be 
used,  as  grease  or  oil  tends  to  dissolve  and  spread  the  poison.  In 
the  later  stage,  after  the  toxic  material  has  exhausted  itself,  zinc-oxid 
ointment  and  similar  mild  antiseptic  and  astringent  applications 
hasten  healing. 

A  simple  f ormida  *°  useful  both  at  this  and  the  early  stages  is  the 
following,  which  may  bo  dabbed  on  the  poisoned  parts  after  thorough 
cleansing  or  applied  by  saturating  one  or  two  thicknesses  of  a  light 
bandage: 

Zinc  oxid 15  grams. 

Phenol 2  grams. 

Lime  water  to  make  250  cubic  centimeters. 

ERADICATION  OF  POISON  IVY  AND  POISON  SUMAC. 

It  is  usually  possible  to  find  persons  who  do  not  easily  take  ivy 
or  sumac  poison  who  can  be  employed  to  remove  the  plants,  but 
with  the  exercise  of  proper  care  almost  anyone  may  imdertake  the 
work  without  incurring  injury.  Those  who  are  sensitive  to  the 
poison  and  thus  have  special  reason  to  fear  the  plants  may  imder- 
take the  work  of  eradication  late  in  the  fall  or  during  the  early  spring, 
when  the  danger  of  injury  is  least. 

10  White,  James  C.    Dermatitis  venenata.    Boston,  1887. 
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Overalls  and  heavy  gauntleted  gloves  should  be  worn  for  protec- 
tion while  engaged  in  the  work.  These,  with  shoes  and  all  articles 
of  clothing  which  have  come  in  contact  with  the  plants,  should 
afterwards  be  changed,  taking  care  to  avoid  injury  from  the  poison 
which  adheres  to  them  and  which  may  make  them  a  possible  source 
of  harm  for  an  indefinite  period.  Thorough  washing,  in  the  manner 
previously  recommended,  ghould  invariably  be  practiced  after 
exposure  to  the  plants,  and  in  the  wtishing  of  clothing  or  articles 
contaminated  with  ivy  poison  simUar  precautions  should  be  adopted. 

DESTRUCTION  OF  POISON  IVY. 

In  imdertaking  to  destroy  poison  ivy,  the  feature  to  be  borne  in 
mind  is  that  the  plant  arises  from  creeping  imderground  stems  which 
spread  in  all  directions  a  few  inches  below  the  soil  surface  and'from 
which  new  branches  or  shoots  arise  at  frequent  intervals.  The  various 
methods  of  eradication  and  control  follow: 

Chemical  methods. — The  parts  of  the  plants  ahove  ground  are  readily  killed  by 
spraying  with  strong  brine  (3  pounds  of  salt  to  a  gallon  of  water),  but  additional  spray- 
ings are  necessary  to  kill  the  new  shoots  which  soon  arise  from  the  rootstocks. 

A  better  method,  especially  for  killing  vines  on  fence  posts  and  on  trees,  is  to  cat 
the  poison  ivy  below  the  ground  and  then  saturate  the  soil  around  the  cut  bases  of 
the  plants  with  salt  brine.  A  second  dose  of  brine  should  be  applied  about  two  weeks 
later  if  the  roots  show  signs  of  putting  forth  new  growth. 

Thorough  wetting  with  kerosene  oil,  applied  with  a  spraying  pump  or  sprinkler, 
will  kill  the  plants  after  one  or  two  applications.  The  effectiveness  of  the  treatment 
will  be  increased  if  the  soil  is  disked  or  cut  up  slightly,  so  as  to  expose  the  roots  to 
the  action  of  the  kerosene.  As  kerosene  will  injiure  or  destroy  all  v^etation  it  is 
not  safe  for  use  around  valuable  trees  and  shrubs. 

The  plants  may  be  killed  by  spraying  them  with  a  solution  of  sodium  arsenite  of  a 
strength  of  1  pound  to  5  gallons  of  water.  This  chemical  is  extremely  poisonous,  and 
when  it  is  used  caution  should  be  exercised  both  to  prevent  injury  to  the  person  ap- 
plying it  and  to  keep  horses  or  other  stock  from  eating  the  poisoned  plants. 

Crude  sulphuric  acid  may  be  used,  applying  a  few  drops  of  the  chemical  to  the 
bases  of  the  plants  at  intervals  of  a  week  imtil  they  die.  This  may  be  done  conven- 
iently by  means  of  a  copper  spring-bottom  oil  can,  such  as  machinists  use.  Care 
must  be  taken  to  avoid  spilling  the  chemical  on  the  hands  or  clothing,  as  it  is  a 
dangerous  caustic. 

Hand  methods. — The  most  rapid  and  effective  way  to  deal  with  small  isolated 
clumps  of  poison  ivy  is  simply  to  pull  or  grub  them  out,  taking  care  to  remove  thor- 
oughly the  running  undergroimd  parts,  since  pieces  of  these  left  in  the  ground  will 
soon  produce  another  crop  of  plants. 

The  plants  are  killed  by  frequent  mowing,  carried  out  persistently  so  as  to  prevent 
the  roots  from  developing  green  growth  above  ground. 

Plowing  and  cultivation. — When  poison  ivy  infests  grasslands  or  other  situations 
where  plowbg  is  practicable,  the  beet  method  of  eradication  is  to  plow  the  soil  and 
plant  com  or  other  hoed  crops.  The  frequent  cultivation  given  to  such  crops  will 
starve  the  underground  parts  of  poison  ivy  remaining  in  the  soil. 

Smothering. — Small  patches  of  poison  ivy  may  be  killed  by  covering  them  with 
tarred  or  other  heavy  paper,  to  the  complete  exclusion  6f  light.  The  edges  of  the 
paper  should  be  either  pegged  or  well  weighted  down. 
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Pasturing. — Sheep  and  stock  browse  on  poison  ivy  without  apparent  harm  to  the 
animals.  They  may  thus  be  used  to  hold  poison-ivy  growth  in  check,  but  under 
ordinary  conditions  the  use  of  other  methods  will  be  necessary  to  secure  complete 
eradication  of  the  plant. 

DESTRUCTION  OF  POISON  SUMAC. 

Since  poison  sumac  for  the  most  part  grows  in  swampy,  maccessible 
locations,  the  expense  of  eradication  is  usually  not  warranted. 
However,  the  plant  is  often  found  at  the  edges  of  paths  or  roadways 
bordering  upon  moist  land  or  on  the  banks  of  streams  in  frequented 
places,  where  its  presence  is  the  cause  of  much  injury.  In  situations 
of  this  kind  it  shoidd  be  completely  eradicated.  A  feature  of  the 
plant  which  adds  to  the  danger  is  its  attractive  autmnn  foliage. 
Branches  are  frequently  gathered  by  persons  who  are  not  acquainted 
with  the  harmful  properties  of  the  plant  and  are  painfully  poisoned. 

In  undertaking  the  work  of  eradication,  the  wearing  of  overalls 
and  heavy  gauntleted  gloves  as  well  as  taking  the  other  protective 
measures  already  recommended  are  of  even  greater  importance  than 
in  the  case  of  poi^n  ivy,  since  the  sumac  plant  contains  the  poisonous 
principle  in  greater  abundance  and  is  in  consequence  more  dangerous. 

METHODS  OF  ERADICATION. 

The  available  methods  of  eradication  are  the  following: 

Grubbing. — Where  poison  sumac  produces  a  bushy  growth,  the  most  practical 
method  of  eradication  is  simply  to  grub  the  plants  out  completely  with  a  mattock, 
grubbing  hoe,  or  other  suitable  implement.  It  is  important  to  remove  the  roots  as 
completely  as  practicable,  since  parts  of  the  root  system  left  in  the  ground  are  capable 
of  producing  new  shoots. 

Catting  and  treating  with  chemicals. — When  it  is  desired  to  destroy  poison  sumac 
by  means  of  chemicals,  and  this  is  the  most  practical  procedure  where  it  grows  as  a 
amall  tree,  the  plants  should  first  be  cut  off  close  to  the  ground.  The  newly  cut  sur- 
fewres  and  the  ground  surrounding  should  then  be  covered  with  a  thin  layer  of  salt, 
which  will  tend  to  prevent  sprouting.  Kerosene,  crude  oil,  sulphuiic  acid,  or  a 
Solution  of  sodium  arsenite,  already  described  in  connection  with  the  eradication  of 
poison  ivy,  may  be  used,  but  the  cheapest  grade  of  crude  salt  will  be  found  equally 
as  effective  and  is  the  most  economical. 

THB  BBST  TIMB  TO  BRADICATB  POISON  SUMAC. 

Where,  as  frequently  happens,  the  poison  sumac  grows  in  land 
that  becomes  dry  during  part  of  the  year,  the  dry  season  is  especially 
favorable  for  destroying  the  plants  by  cutting,  since  dm-ing  this 
period  the  roots  are  least  likely  to  sprout  and  therefore  are  more 
readily  killed.  To  avoid  the  greater  risk  of  injiu-y  incurred  in 
handling  the  plants  while  the  sap  is  abimdant,  and  especially  during 
the  season  when  the  foliage  is  dense,  making  avoidance  of  contact 
very  difficult,  it  may  be  preferable  simply  to  mark  the  plants,  so 
they  can  be  readily  identified  after  the  leaves  have  fallen.    The 
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work  of  eradication  may  then  be  undertaken  during  the  fall  or  winter, 
when  it  is  possible  to  handle  poison  sumac  with  less  risk,  but  it 
should  be  remembered  that  severe  poisoning  may  be  caused  both 
by  the  plants  and  roots  at  all  stages  if  handled  without  the  protection 
of  gloves  and  without  taking  other  precautions  to  prevent  the  poison- 
ous material  from  being  deposited  on  the  skin.  Winter  cutting  is 
not  as  effective  as  summer  cutting,  because  during  the  winter  most 
of  the  food  material  of  the  plants  is  stored  in  the  roots  and  conse- 
quently they  tend  to  sprout  profusely  the  following  spring.  It  is 
necessary,  therefore,  to  kill  the  sprouts  in  the  spring  by  a  liberal 
application  of  crude  salt,  crude  oil,  or  other  chemicals,  in  the  manner 
already  described.  Simply  cutting  the  sprouts  is  ineffective  unless 
repeated  frequently  throughout  the  growing  season. 
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npHIS  BULLETIN  is  written  in  simple  language  for 
-*•  the  man  who  breeds  farm  animals,  who  wants  to 
learn  the  rudiments  of  the  science  of  breeding,  and 
how  to  apply  them  in  practice.  It  sets  forth  some 
of  the  known  facts  regarding  the  operation  of 
the  forces  of  heredity.  Controversial  subjects  are 
avoided  so  far  as  possible. 

The  reader  who  cares  to  go  deeper  into  the  study 
of  genetics  is  referred  to  textbooks  on  the  subject, 
and  particularly  to  Department  Bulletin  No.  905, 
"Principles  of  Livestock  Breeding,**  by  Sewall 
Wright  It  is  published  by  the  U.  S.  Department 
of  Agriculture,  and  is  obtainable  from  the  Superin- 
tendent of  Documents,  Government  Printing  Office, 
Washington,  D.  C,  for  15  cents. 

Contribution  from  the  Bureau  of  Animcd  Industry 

JOHN  R.  MOm.ER,  Chief 

WaahingtoD,  D.  C.  November,  1920 
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BASIC  FACTS  ABOUT  HEREDITY. 

IN  DEALING  with  the  subject  of  heredity  we  must  recognize 
clearly  the  following  facts:  First,  animal  and  plant  forms,  as  a 
rule,  have  developed  gradually  and  very  slowly,  by  very  small 
changes ;  in  short,  by  the  process  known  as  evolution.  Second,  what- 
ever an  animal  has,  so  far  as  its  inheritance  is  concerned,  it  gets  from 
its  parents — they  get  theirs  from  their  parents,  and  so  on  clear  back 
to  the  beginning;  nothing  was  imposed  from  the  outside.  For  the 
present,  accept  this  fact  without  question^  We  shall  try  to  make  it 
clear  later.  Third,  a  very  clear  distinction  should  be  drawn  between 
the  effects  of  inheritance  and  the  effects  of  food  and  environment. 

Every  one  who  is  at  all  familiar  with  domestic  animals  knows  what 
a  wonderfiil  effect  the  food  an  animal  eats  has  on  its  development, 
especially  when  it  is  young.  It  is  also  known  that  the  younger  an 
animal  is  the  more  readily  it  is  influenced  by  its  food.  Now,  from  the 
very  first  moment  that  a  young  animal  begins  to  develop,  from  the 
very  instant  that  growth  begins  with  the  fertilization  of  the  egg 
cell,  it  receives  food  from  some  source  or  it  dies.  When  it  is 
only  a  single  cell  it  is  being  fed.    If  a  young  animal  after  birth  is 

NoTi. — In  the  preparation  of  this  article,  the  writer  receiyed  material  assistance 
from  officers  of  the  Bureau  of  Animal  Industry,  especially  Messrs.  F.  R.  Marshall  (now 
Mttetary  of  the  National  Wool  Growers*  Association),  Sewall  Wright,  Dr.  John  B. 
Mohler,  and  Mr.  D.  S.  Burch.  He  is  also  greatly  indebted  to  Mr.  Dewitt  C.  Wing,  of 
^cagoh  who  made  many  helpful  suggestions. 
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easily  influenced  by  its  food,  how  much  more  will  the  delicate  little 
creature,  known  as  the  fetus  or  embryo,  be  influenced  by  the  character 
of  its  food  supply.  A  clear  recognition  of  this  fact  will  explain  many 
occurrences  which  are  often  attributed  to  supernatural  influences, 
and,  at  the  same  time,  the  breeder  who  recognizes  this  fact  will  not 
neglect  proper  attention  to  the  nourishment  and  care  of  the  pregnant 
mother  as  well  as  the  nursing  animal. 

Accidents  and  disease  also  are  important  in  their  effects  on  the 
growing  embryo.  If  an  incubator  is  neglected  on  a  cold  night  and 
the  eggs  become  chilled,  the  hatch  is  seriously  impaired  and  a  large 
nmnber  of  chicks  are  killed  in  the  shell.  If  an  in- foal  mare  is  sub- 
jected to  very  heavy  strains  or  forced  to  pull  extremely  heavy  loads, 
the  foal  may  be  bom  too  soon  or  even  be  killed  in  the  womb.  Con- 
tagious abortion  may  get  into  the  herd  without  the  owner's  knowing 
it  and  cause  the  loss  of  a  large  proportion  of  calves.  Heredity,  how- 
ever, has  nothing  whatever  to  do  with  any  of  these  things. 

THE  SCIENCE  OF  BREEDING. 

THE  UNIT  OF  LIFE. 

The  smallest  unit  of  life  is  the  cell.  A  single  cell  is  very  small, 
usually  of  microscopic  size.  It  is  surrounded  by  a  membrane,  and 
each  cell  usually  contains  a  nucleus — a  sort  of  center  of  the  thin^ 
that  go  on  in  the  cell.  The  animal  body  contains  millions  of  cells, 
but  those  in  which  we  are  most  interested  at  this  moment  are  the 
cells  from  the  union  of  which  a  new  animal  life  begins.  They  are 
the  germ  cells.  They  contain  the  hereditary  material  which  de- 
termines the  identity  of  each  individual  and  which  is  known  as  the 
germ  plasm.  This  is  the  bit  of  life  which  passes  down  the  line  of 
descent  with  each  succeeding  generation.  It  appears  in  the  mother 
in  the  egg  cell,  and  in  the  father  in  the  sperm  cells.  This  material 
is  composed  of  elements  which  seem  to'  be  handed  on  imchanged 
from  generation  to  generation.  Only  a  portion  of  the  elements  in 
the  germ  plasm  of  the  parent  goes  into  each  egg  or  sperm,  however, 
as  is  explained  in  more  detail  later.  The  element  of  chance  enters  to 
such  an  extent  in  determining  which  elements  shall  go  into  a  par- 
ticular germ  cell  that  there  may  be  a  marked  dissimilarity  among 
individuals  which  are  members  of  the  same  family.  Even  more  im- 
portant than  the  influence  of  food  on  the  developing  embryo  and  the 
young,  growing  animal  is  the  operation  of  chance  in  determining 
the  identity  of  the  new  life. 

The  cells  from  which  all  life  starts  are  developed  in  the  genera- 
tive organs.  The  egg  (the  female  cell)  is  developed  in  the  ovary 
of  the  female;  the  sperm  (the  male  cell)  is  developed  in  the  testicle 
of  the  male.    In  mammals  each  female  has  two  ovaries,  one  on 
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each  side,  situated  in  the  abdominal  cavity.  Connecting  the  ovaries 
with  the  uterus  are  the  Fallopian  tubes.  The  uterus  is  the  womb, 
the  chamber  in  which  the  young  fetus  develops  imtil  it  is  ready  for 
birth.  The  uterus  connects  with  the  vagina,  through  which  the 
sperm  is  introduced  into  the  uterus  and  down  which  the  young  ani- 
mal passes  at  birth.  The  genital  organs  and  the  urinary  organs 
have  the  same  outlets  from  the  body. 

When  an  egg  matures  in  the  ovary  it  passes  down  the  Fallopian 
tubes  into  the  uterus.  If  no  sperm  is  introduced,  the  egg  is  thrown 
off  infertile.  In  female  animals  an  egg  matures  at  fairly  regular 
intervals,  and  this  corresponds  with  some  exactness  to  what  is  known 
as  the  period  of  heat  or  oestrum. 

The  period  of  heat  varies  considerably  in  different  species  and 
in  different  breeds  and  individuals  of  the  same  species.  It  usually 
occurs  at  intervals  of  about  three  weeks.  In  mares  it  appears  on 
the  ninth  day  after  foaling,  lasting  two  or  three  days.  In  cows  it 
appears  in  from  three  to  four  weeks  after  calving  when  the  cow  is 
not  suckling  a  calf,  and  in  from  six  to  eight  weeks  if  she  is.  Thie 
heat  period  lasts  only  about  one  day  in  cows.  Sows  come  in  heat 
three  days  after  farrowing,  and  not  again  until  a  week  after  the 
pigs  are  weaned.  In  sheep,  except  for  a  few  breeds,  such  as  the 
Dorset,  ewes  in  North  America  ordinarily  come  in  heat  only  in  the 
fall  for  a  number  of  periods  of  two  or  three  days  each  at  intervals 
of  from  two  to  three  weeks. 

Females  usually  accept  service  only  during  the  period  of  heat.  It 
seems  to  make  little  difference  when  service  is  made,  whether  early  or 
late  in  heat.  As  a  rule,  not  more  than  one  service  is  necessary  dur- 
ing one  period  of  heat  to  insure  conception.  After  conception  takes 
place,  the  female  does  not  generally  come  in  heat  again  during  preg- 
nancy. 

Male  cells,  or  spermatozoa,  are  carried  in  the  seminal  fluid.  There 
is  only  one  egg,  as  a  rule,  except  in  such  animals  as  hogs,  rats,  and 
others,  which  usually  have  several  young  at  a  birth.  There  are,  how- 
ever, millions  of  sperm  cells,  but  only  one  of  them  is  needed  or  used  to 
fertilize  one  egg.  Let  us  now  proceed  to  a  consideration  of  the  first 
step  in  the  formation  of  the  new  life. 

THE   BEGINNINGS   OF   LIFE. 

The  life  which  results  when  two  animals  are  mated  has  its  con- 
trolling elements  in  the  nuclei  of  the  germ  cells.  These  nuclei  con- 
tain a  substance  called  chromatin,  represented  by  very  minute  bodies 
called  chromosomes.  Chromatin  and  chromosomes  are  found  in  all 
cells  all  over  the  body,  and  the  number  of  chromosomes  in  each  cell 
is  the  same  for  each  species  of  animal.     Except  for  the  accessory 
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chromosome  (which  determines  sex),  they  are  always  in  pairs.*  In 
many  of  the  domestic  animals  and  in  man  the  number  of  chromo- 
somes is  between  40  and  48,  depending  on  the  species.  Just  why  this 
number  should  be  limited  and  invariable  we  do  not  know.  It  is  no 
more  remarkable,  however,  that  each  cell  in  the  hog's  body,  for  ex- 
ample, should  have  40  chromosomes  (which  is  the  case)  than  that  each 
normal  hog  should  have  four  legs. 

This  is  easily  understood  until  we  come  to  explain  what  happens 
when  the  egg  cell  is  fertilized  at  conception.  Obviously  an  egg 
with  40  chromosomes  and  a  sperm  cell  with  40  chromosomes  could 
not  unite,  because  that  would  result  in  a  cell  with  80  chromosomes  and 
only  40  is  the  rule.  It  just  wouldn't  work,  any  more  than  a  pig 
with  eight  legs  would  work.  Therefore,  to  prevent  the  doubling  of 
the  number  of  chromosomes  at  conception,  nature  puts  the  germ 
cells,  both  male  and  female,  through  a  maturing  process  known  as 
maturation,  so  that,  just  before  the  two  unite,  each  has  only  half 
the  normal  number  of  chromosomes  for  the  species,  one  from  each 
of  the  pairs  present  before  maturation.*  When  the  two  cells  unite, 
therefore,  the  fertilized  egg  has  the  usual  number  of  chromosomes 
carried  by  the  cells  of  the  species.  This  process  occurs  only  in  the 
case  of  reproductive  cells. 

When  two  animals  ar^  mated,  what  happens?  The  reproductive 
cells  have  gone  through  the  maturing  process  and  are  now  ready 
for  union.  The  sperm  cells  are  active  and  move  aroimd  until  they 
come  into  contact  with  the  egg.  Several  may  surround  the  egg,  but 
only  one  unites  with  it.  The  membrane  surrounding  the  egg  cell  is 
pierced  by  the  head  of  a  sperm  cell.  The  two  become  one  and  the 
egg  is  now  fertile.  It  needs  only  nourishment  to  become  in  time  a 
full-fledged  baby  member  of  its  race. 

Food,  of  course,  will  have  a  profound  influence  on  this  little 
mite  of  life,  but,  so  far  as  we  know,  the  character  of  the  resulting 
animal,  its  sex,  its  identity,  and  its  individuality,  whether  it  is  to 
be  white  or  black,  long-haired  or  short-haired,  ring-streaked  or 
spotted,  are  now  settled  by  the  laws  of  life.  This  minute  cell  now  car- 
ries in  itself  all  the  force  of  inheritance  from  all  the  ancestors  behind 
it  to  the  beginning  of  life  on  earth.  Every  champion  you  or  I  have 
known  began  his  career  in  just  this  way.  Many,  many  influences 
stepped  in  and  had  an  effect  on  his  subsequent  development  Some  of 
these  are  easy  to  determine,  but  others  are  so  obscure  that  theories 
.  and  fancies  have  grown  up  to  explain  them. 

What  value  has  this  information  for  the  practical  breeder?  Can 
he  use  it  in  making  his  methods  more  efficient?     He  can  not  use  it 

^  For  a  discussion  of  the  accessory  or  X-Cbromosome,  tbe  reader  is  referred  to  textbooks- 
'  Biologists  call  this  process  apermatogenesis  in  the  case  of  the  male  germ  cells  and 
o6gene%is  in  the  case  of  the  female  germ  cells. 
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directly,  but  indirectly  it  can  be  most  valuable  to  him,  because  it 
explains  many  things  that  otherwise  are  difficult  to  understand. 

Suppose  we  are  breeding  animals  in  which  the  number  of  chromo- 
somes is  only  four  (two  pairs).  By  the  time  both  egg  and  sperm 
cells  had  gone  throtigh  the  maturing  process,  and  the  egg  had  been 
fertilized,  16  different  combinations  would  be  possible,  some  of  them 


What  Chromosomes  Look  Like. 
(Courtesy  of  Dr.  B.  B.  Caro there.) 

Fio.  1. — A  remarkable  photograph  of  a  group  of  maturing  male  germ  cells  taken 
through  a  high-power  microscope.  The  pairs  of  darkly  stained  chromosomes  may 
easily  be  seen  in  two  of  the  cells  in  the  act  of  separating  to  form  the  nuclei  of  two 
new  cells.  Each  of  these  resulting  cells  will  have  only  half  the  original  number  of 
chromosomes  and  will  thus  be  ready  for  union  with  a  similarly  reduced  egg  ceU. 
Hereditary  characteristics  are  transmitted  in  the  chromosomes. 

The  factors  which  make  up  the  identity  of  the  chromosomes  bear  very  much  the 
same  relation  to  heredity  that  atoms  bear  to  chemistry. 

no  doubt  differing  very  little  from  each  other,  but  others  having 
little  mutual  resemblance.  In  animals  such  as  hogs,  however,  with 
20  pairs  of  chromosomes  in  each  cell,  the  possible  combinations  are 
almost  infinite  in  number.' 

These  combinations  are  the  results  of  chance.  Here  we  have  an 
egg  with  20  pairs  of  chromosomes,  about  to  mature.  Twenty  of 
these  chromosomes  only  will  be  left  when  the  egg  is  ready  to  unite 

*The  number  of  possible  combinations  in  this  particular  case  is  1,099,511,627,776. 
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with  the  sperm  cell.  What  20  will  it  be?  Chance  alone  can  tell, 
except  that  there  will  be  one  from  each  pair.  Here  comes  the  spenn 
cell,  to  mature  which  a  similar  process  was  gone  through.  Chance 
again  determined  that  20  out  of  the  original  40  chromosomes  should 
disappear  and  no  determination  can  be  made  to  show  which  20 
would  prevail.  But  this  is  not  all.  The  sperm  cell  does  not  come 
alone.  It  comes  in  swarms,  but  only  one  sperm  cell  penetrates  the 
c€ll  membrane  and  fertilizes  the  egg.  What  determines  which  of 
the  thousands  of  sperm  cells  will  be  the  one?     Chance  again. 

The  chromatin  is  the  chief,  if  not  the  sole,  determining  factor  io 
the  development  of  the  identity  of  the  new  individual,  and  the 
chromosomes  are  the  agents  by  which  this  identifying  process  is 
carried  out.  When  we  think  of  the  great  number  of  combinations 
of  chromosomes  possible  before  fertilization  is  actually  effected,  we 
begin  to  understand  why  it  is  that  members  of  the  same  family 
often  do  not  look  alike  and  why  we  have  so  many  disappointments 
in  breeding  animals. 

If  chance  is  the  sole  factor  in  determining  what  chromosomes  shall 
persist,  where  does  intelligent  breeding  come  in?  Of  what  advan- 
tage is  it  to  exercise  care  in  matings?  Why  not  leave  it  all  to 
chance  ? 

The  simple  answer  to  these  questions  is  that  we  can  lessen  the 
probability  of  undesirable  working  of  the  laws  of  chance  by  increas- 
ing the  uniformity  of  the  chromosomes.  That  is  done  by  careful 
selection  to  a  certain  type  and  by  working  with  a  group  of  animals 
whose  ancestry  is  known.  The  highest  examples  of  such  methods 
are  found  in  the  work  of  breeders  of  purebred  livestock  where  un- 
broken and  known  lines  of  descent  run  back  for  a  great  many  genera- 
tions, sometimes  for  50  years  or  more  on  a  single  farm  under  the 
ownership  of  a  single  human  family.  The  discussion  of  the  subject 
of  selection  will  be  found  under  that  heading  later. 

THE  GESTATION  PERIOD. 

From  the  time  the  egg  is  fertilized,  developments  are  rapid.  The 
fertilized  egg  divides  and  subdivides  with  multitudes  of  subdivisions, 
until  in  time  the  embryo  "  begins  to  look  like  something,"  and  we 
can  make  out  the  form  of  the  animal  and  its  parts.  The  time  be- 
tween the  fertilization  of  the  egg  and  the  birth  of  the  young  animal 
is  known  as  the  period  of  gestation.  This  period  varies  with  the 
kind  of  animal.  The  period  for  the  common  domestic  animals  is 
shown  below,  followed  by  a  table  to  determine  how  long  a  time  may 
be  expected  to  elapse  between  service  and  birth.  To  make  a  practical 
application  of  the  table  count  forward  the  correct  number  of  days 
from  the  date  of  service. 
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Gestation  period  of  various  animals. 

Mare 11  months  (340  days). 

Jennet 12  months  (365  days). 

Cow 91  months  (280  days). 

Ewe 5  months  (150  days). 

Goat 5  months  (150  days). 

Sow 4  months  (114  days). 

Probable  date  of  birth  of  young,  female  bred  on  first  day  of  the  month   (Sewall 

Wright). 


Probable  date  of  birth. 

Date  of 

service. 

Sow. 

Ewe. 

Cow. 

Mare. 

Jan.     1 

Apr.    25 
May    26 

May    31 

Oct.    7 

Dec.    7 

Feb.    1 

July      1 

Nov.   8 

Jan.    7 

Mar.    1 

June   23 

July    29 

Dec.   6 

Feb.    4 

Apr.    1 
iS&y    1 

July    24 

Aug.    29 

Jan.    6 

Mar.    7 

Aug.    23 

Sept.  28 

Feb.    5 

Apr.    6 

M^y    7 

June    1 

Sept.  23 

Oct.    29 

Mar.    8 

July    1 

Oct.    23 

Nov.   28 

Apr.    7 
May    8 

June  6 

Aug.    1 

Nov.   23 

Dec.    29 

July    7 

Sept.  1 

Dec.    24 

Jan.    29 

June  8 

Aug.   7 

Oct.    1 

Jan.    23 

Feb.    28 

July    8 

Sept.  6 

Nov.    1 

Feb.    23 

Mar.    31 

Aug.   8 

Oct.    7 

Dec.    1 

Mar.    25 

Apr.    30 

Sept.  7 

Nov.  6 

Variations  in  the  period  of  gestation  for  animals  of  the  same  kind 
are  not. readily  explained.  Some  animals,  such  as  sows,  are  quite 
uniform  in  the  length  of  the  gestation  period.  In  mares  there  is  a 
considerable  variation.  It  has  been  suggested  that  in  mares  some 
time  may  elapse  between  the  moment  of  service  and  the  actual  fer- 
tilization of  the  egg  by  the  sperm  cell.  In  guinea  pigs  the  size  of 
the  litter  affects  the  period  of  gestation,  the  period  being  shorter  for 
a  large  litter  than  for  a  small  one.  The  health  of  the  mother  during 
pregnancy  also  has  an  effect. 

During  the  gestation  period  the  young  animal  is  carried  in  the 
mother's  womb  and  is  not  connected  directly  with  her  body.  The 
blood  vessels  and  neri^es  of  the  mother  do  not  connect  with  those  of 
the  growing  embryo,  but  from  the  start  the  little  one  has  its  own 
little  system  of  circulation  and  its  own  nervous  system.  It  is  carried 
in  an  enveloping  sac  which  is  attached  to  the  wall  of  the  mother's 
womb  by  buttons  (cotyledons)  which  become  detached  when  the  time 
comes.  The  young  are  nourished  by  blood  passing  from  the  mother's 
body  through  the  walls  of  the  uterus  into  the  sac  in  which  the  fetus 
is  carried,  and  thence  into  the  body  of  the  young  animal  by  trans- 
fusion, much  as  water  would  pass  into  a  paper  sack  if  you  should 
lower  it  into  a  bucket  of  water. 


—20 2 
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INCUBATION  PERIOD  IN  BIRDS. 

In  birds  the  incubation  period  corresponds  to  the  gestation  period 
in  mammals.  The  period  which  elapses  from  the  time  eggs  are  put 
on  to  hatch  until  the  chicks  emerge  is  shown  below.  Young  birds  are 
nourished  in  the  embryonic  stages  of  their  development  by  absorbing 
from  the  yolk  the  nutriment  needed. 

Incubation  period  of  varioiis  birds. 

Days. 

Goose 30 

Duck 28 

Turkey 28 

Guinea  fowl 25 

Chicken 21 

Pigeon 17 

Much  may  be  learned  by  any  one  of  a  studious  nature  by  careful 
observations  of  the  development  of  the  embryo  of  chickens.  The 
germinal  disk  may  be  plainly  seen  even  in  a  fresh-laid  egg,  which, 
whether  fertile  or  not,  looks  the  same  to  the  naked  eye.  When  put 
into  an  incubator,  however,  the  fertile  egg  begins  to  develop  rapidly, 
and  the  transformation  in  the  brief  period  of  three  weeks  is  won- 
derful. The  course  of  this  development  in  fertile  eggs  can  be  dis- 
tinguished easily  from  day  to  day  by  the  familiar  process  of  candling 
eggs,  or  it  can  be  studied  in  detail  by  carefully  breaking  the  eggs 
into  a  saucer. 

DETERMINATION  OF  SEX. 

As  the  growth  of  the  embryo  progresses,  sex  becomes  apparent. 
Sex  seems  to  be  determined  by  one  of  the  chromosomes,  and  is  prob- 
ably settled  at  the  time  of  conception.*  The  determination  of  sex 
is  therefore  a  matter  of  chance  over  which  the  breeder  probably  has 
no  control.  For  practical  purposes,  the  breeder  will  find  that,  over 
a  period  of  years,  he  gets  nearly  equal  numbers  of  both  sexes. 

FECUNDITY. 

The  subject  of  fecundity  is  of  great  practical  importance  to 
breeders  of  animals.  Fecundity  depends  very  largely  on  the  number 
of  eggs  which  are  matured  at  a  given  time  by  the  female.  Animals 
in  which  multiple  births  are  the  rule  (of  which  sows  are  a  common 
example)  not  only  mature  a  considerable  number  of  egg  cells  at 
one  period  of  heat,  but  each  one  is  fertilized  by  a  separate  sperm 
cell.  In  some  cases,  however,  the  fertilized  egg  may  divide  and 
twins  or  a  larger  nimiber  of  young  result.  Such  twins  are  known 
as  identical  twins,  and  are  usually  of  the  same  sex,  with  very  strong 

*See  note  (2)  page  6. 
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points  of  similarity.  Young  from  multiple  births,  resulting  from 
the  fertilization  of  different  egg  cells,  show  as  wide  a  difference 
in  individual  characteristtics  as  young  resulting  from  separate  births. 
The  most  prolific  of  the  common  domestic  animals  are  the  birds. 
The  domestic  hen  may  lay  more  than  200  eggs  in  a  single  year. 

The  common  practice  of  British  shepherds,  known  as  "flushing^ 
ewes,  has  been  claimed  to  increase  the  proportion  of  lambs  in  the 
flock.  This  practice  consists  in  giving  the  ewes  an  increase  in  their 
feed,  both  grain  and  succulent  pasture,  so  that  they  are  gaining  in 
weight  and  condition  at  breeding  time.  No  exact  scientific  data 
have  been  available  until  recently,  when  Marshall  and  Potts,  of  the 
Bureau  of  Animal  Industry,  conducted  experiments  which  confirmed 
the  correctness  of  the  British  practice.  They  also  have  evidence 
which  indicates  that  the  success  of  the  practice  depends  on  cutting 
off  the  grain  ration  and  putting  the  ewes  on  short  pasture  as  soon 
as  they  are  bred. 


What  a  Good  Mother  Can  Do. 

FiQ.  2. — The  ewe  at  the  right  was  lambed  in  March,  1914.  She  was  a  prise  winner  as  a 
yearling  and  as  a  two-year-old.  Her  first  iamb  was  a  ram  dropped  in  1916.  Since 
then  she  has  had  seven  lambs.  The  other  two  ewes  are  her  twins  of  1010  and  were 
shown  in  the  trio  for  Hampshire  ewe  lambs,  winning  first  prize  at  the  1910  Inter- 
national Live  Stock  Exposition.  The  lamb  at  her  side  is  her  1020  contribution  to 
the  wealth  of  America's  purebred  liyestock  industry. 

The  rules  or  laws  of  the  inheritance  of  fecundity  are  not  all  known, 
but  to  some  extent  it  is  dependent  on  inheritance  from  the  mother; 
therefore,  the  selection  of  females  which  have  a  tendency  to  produce 
a  large  number  of  young  at  a  birth  will  tend  to  increase  the  returns 
from  the  flock  or  herd.  This  is  of  practical  importance  in  the  case 
of  hogs,  sheep,  goats,  and  poultry.  Twins  in  cattle  are  objectionable 
unless  of  the  same  sex.  When  a  heifer  is  a  twin  with  a  bull  calf, 
the  heifer  is  known  as  a  "  freemartin "  and  in  the  majority  of  in- 
stances is  sterile. 

PREPOTENCY— MENDEL'S   LAW. 

Prepotency  is  the  power  of  an  animal,  male  or  female,  to  stamp  its 
characteristics  on  its  offspring.     If  this  ability  is  handed  on  to  sons 
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and  daughters,  we  say  that  the  stock  "  breeds  on.''  In  rare  instances 
an  animal,  usually  a  male,  is  found,  which  has  such  power  as  a  breeder 
that  it  leaves  an  indelible  impress,  even  to  the  extent  of  becoming  the 
fountain  head  of  a  new  breed,  such  as  the  stallions  Justin  Morgan, 
Hambletonian  10,  and  Denmark. 

Most  of  the  cases  of  prepotency  which  the  breeder  usually  meets 
with  are  probably  instances  of  the  operation  of  what  is  called 
Mendel's  law.  A  clear  explanation  of  this  great  law  of  heredity  cau 
not  be  made  within  the  scope  of  this  short  article,  and  the  interested 
reader,  if  he  cares  to  go  into  the  subject  in  detail,  is  referred  to  Dr. 
Wright's  bulletin.' 


How  Good  Blood  "  Breeds  on.'* 

Fig.  8. — Carmon,  Standardbred  stallion  at  head  of  United  States  Government  stud, 
Buffalo,  Wya,  a  horse  which  has  h^n  remarkably  successfal  in  stamping  his 
characteristics  on  his  offspring.    Photograph  taken  when  Cannon  was  20  years  old. 

It  must  be  pointed  out,  however,  that  most  operations  of  heredity 
are  not  simple ;  on  the  contrary,  they  are  highly  complex  and  often 
extremely  difficult  to  understand.  The  chief  use  which  the  practical 
breeder  of  domestic  animals  can  make  of  Mendel's  law  at  this  time 
is  to  find  in  it  an  explanation  of  occurrences  that  otherwise  have  no 
rational  explanation. 

One  of  the  most  interesting  applications  of  Mendel's  law  in  cattle 
breeding  is  the  inheritance  of  the  polled  characteristic.  If  we  breed 
a  horned  cow  to  a  Red  Polled,  Galloway,  Angus,  or  other  true  polled 
bull,  the  chances  are  9  to  1  or  better  that  we  shall  get  a  polled  calf. 
The  white  face  of  the  Hereford  appears  to  be  a  similar  instance. 

B  u.  S.  Department  of  ^Vgriculturc  Bulletin  005,  '*  Principles  of  Livestock  Breeding " 
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How  Good  Blood  "  Breeds  on.** 

Fig    5. — Defender,  son  of  Albion.     Photograph  taken  when  Defender  was  six  years 
old.    Note  that  the  type  has  been  handed  down  from  grandfather  to  grandson. 


Digiti 


zed  by  Google 


14  Farmers'  Bulletin  1167. 

If  we  breed  a  common  cow  to  a  Hereford  bull,  we  get  a  calf  with  a 
white  face.  We  say,  therefore,  that  polled  breeds  are  very  prepotent 
so  far  as  "  taking  the  horns  off  "  is  concerned,  and  that  the  Hereford 
is  prepotent  in  putting  a  white  face  on  his  calves.  This  may  happen 
either  way ;  that  is,  polled  bull  and  horned  cow,  or  homed  bull  and 
polled  cow,  Hereford  bull  and  plain- faced  cow,  or  plain- faced  bull 
and  Hereford  cow.  The  temptation  is  to  make  great  claims  for  the 
prepotency  of  the  breed  as  a  whole  on  the  evidence  of  one  or  two 
points  only.  For  see  what  happens  when  we  mate  a  Hereford  with 
one  of  the  polled  breeds.    Then  we  get  a  polled,  white-faced  calf. 


How  Bad  Blood  **  Breeds  on." 

Fia.  6. — A  spotted  stallion  of  nondescript  breeding  used  extensively  as  a  sire  in  tlie 
community  where  he  was  owned.  Note  not  only  the  bad  color,  which  is  almost 
unmarketable,  but  also  the  curby  hocks  and  generally  mean  appearance. 

These  points  are  not  prepotency  at  all,  but  manifestations  of  Men- 
delian  "dominance."  The  polled  character  is  dominant  over  the 
recessive  horned  character,  and  the  white  face  over  the  recessive  plain 
face;  but  these  cases  do  not  necessarily  indicate  that  the  animal  is 
particularly  prepotent  in  other  characters  of  much  more  practical 
importance.  The  same  rule  seems  to  apply  in  the  inheritance  of  the 
black  color  in  sheep,  black  acting  apparently  as  a  recessive  to  the 
usual  white  color.  It  can  readily  be  eliminated  by  culling  out  the 
black  lambs. 

A  great  many  data  have  been  accumulated  as  to  the  characters 
in  animals  which  illustrate  the  operation  of  MendePs  law,  but 
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apart  from  the  horns  of  cattle,  coat  color,  eye  color,  and  the  like, 
the  application  of  this  law  to  livestock  breeding  has  a  long  way 
to  go  before  its  principles  are  adaptable  to  practical  use  by  breeders. 
It  is  fairly  certain,  however,  that  many  of  the  obscure  happenings 
in  animal  breeding  are  really  manifestations  of  Mendelism.  Most 
cases  of  atavism  ("throw  backs"  to  a  remote  ancestor),  for  ex- 
ample, are  probably  Mendelism  in  practice. 

The  animal  structure  is  so  diverse  and  complicated  that  the  de- 
termination of  the  application  of  Mendel's  law  to  the  inheritance 
of  the  characters  which  affect  the  conmiercial  value  of  domestic 
animals  is  a  task  of  tremendous  magnitude.  Great  progress  has  been 
made  in  laying  the  foundations  for  the  scientific  study  of  animal 
breeding  by  working  out  the  principles  of  this  law,  and  we  may  ex- 
pect still  greater  progress  in  the  future.  Biologists  who  are  studying 
heredity  have  their  faces  set  in  the  right  direction.    The  accomplish- 


Pio.  9. — Purebred  Hereford  sire,  scrub  dam,  and  offspring.     Note  how  the  character- 
istic markings  of  the  Hereford  sire,  especially  the  white  face,  are  transmitted. 

ments  of  the  last  twenty  years  in  the  study  of  heredity  have  taken  this 
subject  out  of  the  field  of  guesswork,  and  for  this  service  all  animal 
breeders  are  under  obligations  to  Mendel  and  his  disciples.®  If,  by 
skillful  selection  and  intelligent  breeding  methods  we  can  get  re- 
sults of  permanent  value;  if,  with  the  present  knowledge,  we  can 
make  real  progress  in  animal  breeding,  we  can  afford  to  wait  for 
the  more  definite  working  out  of  Mendel's  law,  with  the  assurance 
that  this  law  controls  the  mechanics  of  heredity  in  domestic  animals 
and  that  any  practical  application  of  it  to  animal  breeding  will  add 
to  our  store  of  useful  knowledge  and  to  the  efficiency  of  our  breeding 
methods. 

•  The  discovery  of  this  law  by  the  Austrian  monk,  Gregor  Mendel,  in  1865,  its  virtual 
disappearance  for  35  years  and  its  rediscovery  simultaneously  by  several  investigators 
working  independently,  form  one  of  the  romances  of  science.  Mendel's  papers  attracted 
very  little  attention  when  published,  owing,  no  doubt,  to  the  intense  interest  of  the 
world  in  the  researches  of  Darwin.  Mendel  died  in  1884  without  realizing  the  importance, 
to  humanity,  of  the  work  which  he  had  done. 
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THE  ART  OF  BREEDING. 

SBLBCTION. 

Keeping  in  mind  the  principles  laid  down  in  the  foregoing  pages, 
it  is  clear  to  every  one  that  in  order  to  make  the  best  out  of  the 
hereditary  material  represented  in  one's  herd,  and  to  use  the  laws 
of  nature  to  the  best  advantage,  one  must  have  clearly  in  mind  a 
standard  which  he  sets  for  himself  as  the  ideal  toward  which  he 
most  work.  This  standard  must  be  definite  and  should  be  as  prac- 
tical and  simple  as  possible.  The  exercise  of  selection,  wisely  and 
judiciously  pursued,  offers  the  breeder  one  of  the  two  most  effective 
means  of  bending  to  his  owii  purposes  the  operations  of  chance, 
which  otherwise  nature  will  use  to  his  confusion  and  imdoing. 

We  have  made  the  statement  already  that  the  hereditary  material 
is  passed  down  from  generation  to  generation  without  change  ex- 
cept so  far  as  the  operation  of  the  laws  of  chance  may  have  affected 
the  process,  beginning  with  the  maturation  of  the  germ  cells.  It  is 
plain,  however,  that  constant  selection  of  a  good  type  will  increas- 
ingly intensify  the  properties  of  a  given  set  of  characteristics  (in 
other  words,  of  a  definite  type),  but  that  this  selection  must  be  pur- 
sued constantly  because  the  chromosomes  which  tend  to  produce  the 
less  desirable  types  continue  to  be  present,  although  in  decreasing 
numbers.  If  the  force  which  has  been  selecting  the  desirable 
chromosomes  is  removed,  then  the  undesirable  ones  may  once  more 
prevail.  In  other  words,  our  modem  breeds  of  farm  animals  are  an 
improvement  over  the  stock  from  which  they  sprang.  There  is, 
therefore,  a  constant  pull  backward  and  downward  against  which 
the  breeder  must  work  by  wise  selection  and  skillful  matings.  If 
this  intelligent  direction  by  human  skill  should  be  removed,  our 
animal  stock  would  rapidly  degenerate  to  the  level  of  the  types  of 
centuries  ago. 

Selection  should  be  designed  to  correct  faults  in  the  parents,  and, 
as  a  rule,  the  male  is  depended  on  to  do  it;  A  few  concrete  cases  will 
illustrate.  If  the  females  have  a  tendency  to  be  too  leggy,  select  a 
male  that  is  compact  and  close  to  the  ground.  If  the  backs  are  not 
ideal,  select  a  male  with  an  exceptionally  strong  back.  If  the  sow's 
feet  are  not  the  best,  get  a  boar  that  is  unusually  strong  in  his  feet 
with  strong,  upright  pasterns.  We  might  multiply  these  illustra- 
tions indefinitely.  Therefore,  a  sire  should  be  a  better  individual 
than  the  females  with  which  he  is  to  be  mated ;  otherwise  the  stand- 
ard of  the  herd  or  flock  may  decline.  To  some  extent  a  breeder  may 
extend  these  principles  to  the  grandparents,  but  for  practical  work 
on  a  farm  that  is  producing  market  stock  it  is  commonly  unnecessary 
to  go  farther  back  than  the  sire  to  be  selected.  In  other  words,  don't 
3085*— 20 8 
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buy  a  poor  male  merely  because  some  one  tells  you  he  has  a  good 
pedigree. 

The  breeding  animals  selected  should  look  the  part.  Good  bone; 
deep,  broad  chests ;  strong,  broad  backs ;  and  fully  developed  bodies 
should  be  emphasized.  Especial  attention  should  be  paid  to  the  head, 
for  that  part  of  the  body  tells  many  a  story  which  otherwise  would 
be  overlooked.  Width  between  the  eyes,  full,  prominent  eyes  of 
pleasing  appearance,  broad  muzzles,  and  prominent  nostrils  indicate 


Hereford  Calf  Illustrating  Character. 

Fig.  10. — Compare  this  picture  with  those  of  other  bulls  showiu  Each  one  shows 
strong  masculinity.  Each  one  has  an  individuality  aa  marked  and  striking  as  the 
individuality  shown  in  photographs  of  human  beings. 

points  of  value  both  to  the  breeder  and  the  feeder.  In  males,  strong 
evidence  of  masculinity  is  important.  The  evidence  of  the  masterful 
impressiveness  of  the  masculine  sex  is  often  apparent  in  very  young 
animals  and  may  be  taken  to  indicate  a  youngster  that  with  proper 
feed  and  care  will  grow  out  into  an  impressive  sire.  In  females  we 
look  for  femininity,  without  indications,  however,  of  weakness  of 
constitution.  Avoid  cows,  for  example,  with  heads  like  those  of 
steers.    These  points  make  up  in  total  what  breeders  call  "  charac- 
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ter"  and  are  among  the  most  important  considerations  which  a 
breeder  must  bear  in  mind  in  building  up  his  herd  or  flock. 

Good  feed,  care,  and  attention  are  valuable  adjuncts  to  selection. 
Unless  feeding  permits  full  development  we  can  not  select  intelli- 
gently the  animals  which  have  received  and  can  transmit  the  charac- 
ters we  desire  to  perpetuate.  Starved  animals  which  never  have  had 
an  opportunity  to  demonstrate  their  capacity  to  produce  meat,  milk, 
wool,  or  other  valuable  commercial  products,  furnish  poor  material 
from  which  to  select  individuals  capable  of  maximum  and  most 
economical  production. 

One  must  use  these  rules  of  selection  with  judgment  and  common 
sense.     While  faults  undoubtedly  can  be  corrected  by  the  use  of 


Idolmere. 

Fio.  11. — Grand  champion  Aberdeen-Angus  bull  at  the  1919  International  Live  Stock 
Exposition.  One  of  the  greatest  bulls  of  the  breed  ever  seen  in  an  American  show 
ring:  An  exceptional  photograph  of  a  great  bull  showing  not  only  splendid  beef 
conformation  but  outstanding  breed  character  also.  Note  especially  the  strong 
character  as  shown  in  the  head  and  neck,  as  well  as  the  great  length  of  the  bull  and 
his  remarkable  smoothness. 

males  of  superior  individuality,  it  may  be  unwise  to  use  some  females 
for  breeding  even  market  stock  because  they  may  be  too  inferior  for 
even  this  purpose.  To  sell  them  and  substitute  better  individuals, 
either  high  grades  or  purebreds,  is  often  the  more  sensible  course 
and  the  more  profitable  in  the  end. 

Selection  alone,  however,  is  not  certain  to  result  in  steady  progress. 
Different  combinations  of  hereditary  elements  may  result  in  ap- 
parently the  same  characteristic.  In  practicing  selection  a  man  may 
introduce  at  any  time  the  blood  of  a  line  which  merely  looks  like 
that  of  his  own  stock,  but  which  breeds  differently.  The  result  is 
the  undoing  of  past  progress,  the  next  generation  showing  the  vari- 
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ability  characteristic  of  the  second  generation  of  a  cross.  Only  by 
breeding  within  relatively  narrow  limits  can  one  be  reasonably  sure 
that  he  is  mating  animals  which  both  look  alike  and  have  the  same 
heredity. 

INBREEDING. 

Next  in  importance  to  selection  as  a  means  of  improvement  in 
breeding  animals,  the  most  effective  process  at  the  command  of  the 
breeder  is  the  judicious  mating  of  related  animals.  This  process  is 
known  as  inbreeding,  and  various  terms,  such  as  line  breeding,  close 
breeding,  and  incestuous  breeding,  have  been  used  to  define  varying 
degrees  of  intensity  of  the  process. 


Jersey  bull,  Pogis  09th  of  Hood  Farm  No.  04502. 

Fio.  12. — Animals  such  as  this  one  show  strong  evidence  of  breed  character,  mascu- 
linity, and  impressiyeness. 

Inbreeding  is  one  of  the  most  discussed  subjects  in  the  whole 
field  of  genetics.  All  sorts  of  bad  results  are  attributed  to  it.  Lack 
of  vigor,  nonresistance  to  disease,  decline  in  size  and  fecundity,  and 
even  sterility  are  the  fate  of  inbred  animals,  in  the  minds  of  many 
people.  These  ideas  have  a  certain  basis  in  fact,  and  often  extend  to 
farmers,  who  sometimes  refuse  to  buy  males  which  have  inbred  pedi- 
grees. Breeds  and  families  which  have  been  intensely  inbred  for  sev- 
eral generations  develop  manifestations  of  constitutional  weakness 
which,  it  seems,  can  be  explained  only  on  the  grounds  of  their  close 
relationship.  Scientific  data  of  exact  and  elaborate  scope,  worked 
out  under  controlled  conditions,  are  not  abundant  on  this  point. 
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We  have,  on  the  other  hand,  the  accepted  fact  that  progress  in 
animal  breedmg  began  only  when  breeders  began  to  inbreed.  The 
work  of  Bakewell,  who  experimented  during  the  last  half  of  the 
eighteenth  century,  which  made  the  greatest  impression  was  the 
methods  he  used,  and  the  method  that  has  been  most  far-reaching 
in  its  results  was  that  he  mated  his  animals  with  first  regard  to  their 
individual  suitability  for  the  mating,  and  with  secondary  importance 
placed  on  their  relationship.  Since  the  time  of  Blakewell  every 
breeder  who  has  made  an  impress  of  permanent  importance  on  his 
breed  has  used  inbreeding  as  his  most  useful  working  tool. 


Purebred   Ayrshire   Bull,    Hobeland   Perfect   Piece   16933.      (Senior   Grand   Champion 
Aryshire  Bull.  National  Dairy  Show,  1914.) 

Fig.  13. — A  good  breeding  animal  impresses  the  observer  in  many  ways.  The  pose  of 
this  bull,  his  lines,  and  the  sweep  from  the  head  to  the  tip  of  the  tail  giye  an 
unmistakable  impression  of  indiyiduality,  power,  and  merit. 

When  we  mate  related  animals  we  are  bringing  together  animals 
with  a  more  nearly  uniform  character  in  their  hereditary  material 
than  when  we  mate  those  that  are  not  related.  We  are,  therefore, 
increasing  the  probability  that  the  offspring  will  be  like  the  parents. 
But  there  may  be  hidden  in  the  hereditary  material  the  factors  of 
an  undesirable  character.  In  other  words,  we  may  not  know  all 
that  we  should  know  about  the  ancestors.  Back  somewhere,  per- 
haps, was  a  bad  one  whose  traits  are  being  bred  out  by  selection  in 
each  successive  generation.  If  we  mate  two  related  animals  carry- 
ing this  defect,  we  greatly  increase  the  chance  of  perpetuating  it. 
Instead  of  having  an  even  chance  or  better  of  keeping  the  defect  under 
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subjection  by  not  inbreeding,  we  double  the  chance  of  its  appearing 
when  we  do  inbreed.  It  seems  possible  to  inbreed  some  animals 
much  more  intensely  than  others,  and  certain  strains  of  breeds  in 
the  same  species  exhibit  similar  traits.  To  cite  specific  instancy 
cattle  which  have  a  special  susceptibility  to  tuberculosis,  horses  with 
a  tendency  to  certain  unsoundness,  such  as  roaring  or  spavin,  should 
not  be  inbred.  The  safe  rule,  therefore,  is  not  to  mate  closely  re- 
lated animals  which  have  the  same  defects,  either  themselves  or  in 
their  immediate  ancestors. 


Percheron  Stallion,  Dragon. 

Fio.  14. — Descendant  of  a  long  line  of  impressive  ancestors  and  himself  a  sire  of 

valuable  draft  horses. 

Inbreeding  should  be  practiced  only  by  the  most  skillful  breeders, 
and  by  them  only  when  they  have  definite  knowledge  of  the  an- 
cestry. Judiciously  used,  inbreeding  results  in  a  rapid  fixing  of 
type  and  enables  the  breeder  to  obtain  results  much  more  rapidly 
than  without  its  use.  It  is  like  any  other  high-powered  implement. 
Properly  used,  it  is  a  wonderful  adjunct  to  human  efforts;  in  the 
hands  of  the  ignorant  and  careless  it  is  a  source  of  danger. 
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The  purchaser  of  inbred  males,  however,  need  have  no  fear  of  using 
them  if  they  are  creditable  representatives  of  the  breed.  As  a  matter 
of  fact,  he  should  prefer  inbred  males  to  others,  especially  if  they  are 
not  related  to  his  females,  because  they  are  more  nearly  alike  in  their 
hereditary  material,  and  for  that  reason  more  likely  to  reproduce 
themselves  with  uniformity.  They  are  usually  sold  under  a  guaran- 
ty that  they  are  breeders  (or  they  should  be  so  sold),  and  if  they  do 
not  breed,  any  reputable  breeder  will  replace  them.  It  is  a  general 
rule  that  inbred  animals,  when  mated  to  unrelated  ones,  even  though 


Clyd«8dale  Stallion,  Fyvie  Baron. 

Fig.  15. — Note  intelligent  head  and  strong,  crested  neck,  as  w^U  as  evidence  of  vigor- 
ous constitution,  indicated  by  depth  of  body. 

the  latter  themselves  are  inbred,  produce  offspring  larger  and  more 
vigorous  than  either  parent.  From  every  standpoint,  therefore,  an 
inbred  sire  should  be  desirable  to  use  in  a  farmer's  herd,  provided  the 
animal  is  a  good  individual.  The  farmer  should  make  certain  of 
this  fact.  Then  he  should  ascertain  that  the  strain  itself  is  vigorous, 
and  finally  he  should  have  a  guaranty  that  the  animal  bought  will 
prove  to  be  a  breeder.  If  these  conditions  are  met,  the  farmer  will 
find  inbred  males  much  more  impressive  and  will  have  a  much  more 
rapid  return  in  improving  his  stock  than  if  he  had  used  males  which 
were  not  inbred. 
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Whether  a  breeder  should  or  should  not  inbreed  his  stock  is  a 
matter  which  he  must  settle  for  himself.  The  successful  use  of  in- 
breeding is  one  of  the  best  tests  of  a  breeder's  skill,  and  no  man  should 
inbreed  unless  he  is  confident  that  he  possesses  the  requisite  skill  to 
make  such  a  step  successful.  Generally  speaking,  the  inbreeding  of 
market  stock  is  unwise;  but  the  use  of  inbred  males  on  the  females 
of  such  a  stock  may  be  of  the  highest  value,  provided  the  breeding 
establishment  which  produced  the  males  has  not  been  injured  by 
inbreeding.    Such  a  fact  can  be  readily  ascertained. 

Inbreeding  fixes  characters  which  can  be  fixed,  but  one  of  its  most 
valuable  consequences  is  bringing  clearly  to  light  the  relative  merits 
of  different  strains  in  such  characters  as  fecundity,  resistance  to 
disease,  and  the  like,  which  are  affected  so  much  by  factors  other  than 
heredity  that  they  can  not  be  fixed  in  individuals.  In  these  cases 
progress  is  more  likely  to  result  from  selection  of  strains  than  from 
the  selection  of  individuals. 

A  real  danger  from  inbreeding  is  not  to  be  urged  against  the 
practice  itself,  but  against  the  peculiar  infatuation  which  breeders 
acquire  for  certain  bloodlines.  Once  let  a  given  line  of  breeding 
demonstrate  its  excellence  for  the  production  of  a  certain  valuable 
type,  and  every  progressive  breeder  strives  to  acquire  some  of  this 
valuable  blood.  The  strain  soon  becomes  "fashionable."  From 
this  stage  to  breeding  for  the  pedigree  rather  than  for  the  animal 
is  an  easy  step  which  is  taken  much  too  often.  The  corrective  for 
such  methods  is  the  show  ring,  with  competent  and  fearless  judges 
in  authority. 

OUTCROSSING. 

Quite  the  converse  of  inbreeding  is  the  practice  of  outbreeding  or 
outcrossing.  Even  in  plants  which  are  usually  self- fertilized,  nature 
has  provided  for  an  occasional  outcross  that  materially  increases  the 
vigor,  stamina,  and  general  well-being  of  the  stock.  In  animals 
which  have  been  intensely  inbred,  outcrossing  has  interesting  and 
important  results.  Mating  to  stock  which  has  not  been  inbred 
results  in  increases  in  size  and  vigor.  A  similar  result  also  follows 
the  mating  6f  two  strains,  both  of  which  have  been  inbred,  but  which 
are  not  closely  related  to  each  other. 

PURE  BREEDING. 

Step  by  step  we  climb  the  ladder  of  the  art  of  breeding  until  we 
finally  reach  the  top  in  the  breeding  of  purebreds,  the  most  fascinat- 
ing, the  most  inspiring,  and  the  most  remunerative  branch  of  animal 
breeding  when  successfully  followed ;  the  most  difficult  and  the  most 
disappointing  when  not  successful.  The  successful  breeder  of  this 
class  of  animal  is  far  more  than  a  business  man  or  a  farmer.  He  is 
an  artist,  and  the  artistic  appeal  is  first  in  importance  to  him. 


Digiti 


zed  by  Google 


Essentials  of  Animal  Breeding.  25 

The  basis  of  pure  breeding  in  the  United  States,  except  in  the  case 
of  poultry  and  pet  stock,  is  pedigree  registration.  Animals  must  be 
not  only  purebred,  but  they  must  be  registered  in  the  book  of  record 
establislied  for  the  breed. 

Standards  in  pure  breeding  are  more  exacting  and  more  compli- 
cated than  in  breeding  solely  for  the  production  of  meat,  wool,  milk, 
or  eggs,  but  they  should  be  practical,  because  the  proof  of  the  prac- 
tical value  of  a  breeder's  work  is  the  demand  which  is  sustained  in 
the  long  run.  for  his  breeding  animals.  The  surplus  of  the  registered 
purebred  establishments  goes  to  improve  the  native  and  unregistered 
grade  herds  and  into  purebred  herds  of  less  merit.  A  high  stand- 
ard is  therefore  absolutely  essential  to  maintain  quality,  average 
excellence,  and  the  reputation  of  the  herd.  Practical  ideals  must  have 
quite  as  much  weight  as  purely  commercial  considerations  in  the 
determination  of  the  standards. 

A  breeder's  success  depends  to  a  very  large  extent  on  his  ability 
as  a  qualified  judge  of  animals,  on  his  knowledge  of  the  pedigrees 
of  his  animals,  and  on  his  acquaintance  with  the  characteristics  of 
the  ancestors  of  those  animals.  The  breeder's  ability  as  a  judge 
must  be  based  on  an  instinctive  gift  to  recognize  animal  types  and 
carry  them  clearly  in  mind.  This  is  of  even  more  importance  than 
a  knowledge  of  pedigrees,  because  a  knowledge  of  pedigrees  is  of 
practical  value  only  as  it  gives  its  possessor  an  acquaintance  with 
the  individuality  and  type  of  the  ancestors  in  the  pedigrees,  which 
he  may  use  in  making  effective  matings  and  thus  perfecting  the 
type  of  his  animals.  One  of  our  most  eminent  breeders  of  hogs 
once  made  the  statement,  "  I  breed  my  hogs  in  the  barnyard,  with 
the  animals  before  me,  not  in  my  parlor  with  their  pedigrees  before 
me/'  That  homely  statement  carries  a  truth  which  every  ambi- 
tious young  breeder  should  follow.  Before  deciding  to  make  a 
certain  mating,  the  maif  who  made  this  statement  is  said  to  spend 
hours  studying  his  breeding  animals,  going  over  their  character- 
istics, and  especially  recalling  to  mind  the  characteristics  of  their 
parents,  grandparents,  and  more  remote  ancestors.  If  this  review 
is  satisfactory,  the  mating  is  made ;  if  not,  some  other  is  tried. 

To  sum  up,  knowledge  of  a  pedigree  must  not  stop  with  the 
routine  knowledge  of  the  names  of  the  animals  which  compose  it. 
The  breeder  must  know  also  the  characteristics  of  these  animals,  as 
far  back  as  possible,  their  weaknesses  as  well  as  their  strong  points. 
When  he  possesses  this  information  the  breeder  can  more  intelli- 
gently mate  individuals  and  blend  bloodlines.  He  has  then  a  prac- 
tical working  knowledge  of  pedigrees.  The  study  of  pedigrees, 
therefore,  based  on  a  knowledge  of  the  characteristics  of  the  ani- 
mals composing  them,  is  indispensable  to  the  man  who  would  excel 
as  a  constructive  breeder. 
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THE  VALUE  OF  A  PEDIGREE. 

No  one  breeds  animals  without  dealing  with  pedigrees.  The 
common  phrase  "  pedigree  stock,"  as  a  synonym  of  "  well-bred "  or 
"  purebred "  in  describing  livestock,  is  a  misnomer.  All  plants, 
all  animals,  all  people  have  pedigrees,  but  all  information  about 
these  pedigrees  is  not  available.  Pedigrees  become  known  because 
of  merit  in  some  individual  which  stands  out  above  his  fellows. 
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depends  upon  their  ability  to  produce  desirable  types  with  greater 
excellence  and  uniformity  than  animals  with  other  pedigrees  or 


The  Dam  of  a  Grand  Champion. 

Fig.  17. — ^Merry  Sempstress,  dam  of  Merry  Monarch,  the  grand  champion  steer  at  the 
International  Live  Stock  Exposition  in  1919.  Note  not  only  her  beef  conformation 
bat  her  good  feeding  qualities,  clearly  indicated  in  a  head  which  is  almost  an  ideal 
feeder's  type,  as  well  as  an  ideal  breed  type.  She  shows  excellent  indications  of 
real  feminine  character. 


A  Triumph  of  Breeding  and  Feeding. 

Fio.  18. — Merry  Monarch  (right),  grand  champion  steer  at  the  1918  International  Liye 
Stock  Exposition,  and  two  other  prize-winning  sons  of  Lavender  Sultan.  Compare 
with  figures  16  and  17. 

with  no  known  pedigrees  whatever.  The  power  of  the  animal  with  a 
known  pedigree  to  reproduce  its  type  has  been  intensified  by  selection. 
Therefore,  if  the  matings  which  have  been  made  in  constructing  the 
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pedigree  have  not  been  directed  by  a  high  order  of  skillful  selection, 
the  animal  may  have  intensified  powers  of  producing  an  undesirable 
type,  and  may  be  what  is  commonly  designated  a  "  scrub  purebred.'* 
The  purchase  of  an  animal  or  its  use  for  breeding  purposes  solely 
on  account  of  its  pedigree  is  a  dangerous  matter  and  may  result  in 
much  more  harm  than  good. 

What  is  the  most  important  part  of  the  pedigree?  Usually  only 
the  ancestors  which  are  "  close  up  "  are  those  which  are  of  practical 
importance  in  determining  the  identity  of  the  individual.  Assuming 
that  Mendel's  law  governs  animal  inheritance,  we  may  occasionally 


The  Main  Points  of  a  Pedigree. 

Pig.  19. — A  graphic  representation  of  the  relative  importance  of  ancestors  in  the  flrtt 
four  generations.  Families  in  livestock  often  trace  their  foundation  to  a  single  animal 
which  may  not  be  reached  within  ten  generations.  It  is  quite  as  important  to  know 
what  sort  of  animals  make  up  the  later  matings  as  it  is  to  know  to  what  famllj  the 
animal  belongs.  The  proof  of  the  value  of  a  pedigree  is  the  worth  of  the  animals  it 
produces. 

expect  to  find  an  off-type  occurring,  but  by  the  repeated  culling  out 
of  such  types  the  frequency  of  their  occurrence  is  being  constantly 
reduced.  Therefore,  if  we  are  sure  of  the  parents  and  know  what  is 
in  the  first  three  or  four  generations  of  an  animal's  pedigree,  we 
know  the  most  important  facts  about  that  pedigree.  In  generations 
beyond  the  third  or  fourth  the  influence  of  any  ancestor  is  so  slight 
that  for  practical  purposes  it  may  be  ignored. 

In  a  four-generation  pedigree  there  are  30  ancestors,  all  of  which 
may  be  different  individuals.  Usually  in  pedigrees  of  most  purebred 
herds  there  are  fewer  than  30  separate  individuals,  depending  on  the 
amount  of  inbreeding  in  the  pedigree..    The  chart  (fig.  19)  shows  this 
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fact  graphically.  Suppose  there  is  no  inbreeding  in  a  four-genera- 
tion pedigree,  the  chance  that  one  of  the  animals  in  the  fourth  gen- 
eration will  dominate  the  pedigree  above  all  others  is  very  small 
indeed.    The  chart  thus  shows  graphically  the  relative  importance 


Grading  Up  With  Sheep. 

Fig.  20. — The  ewe  at  the  left  is  a  Mississippi  Piney- Woods  native.  The  lamb  is  her 
produce  by  a  purebred  Shropshire  buck.  At  four  months  of  age  the  lamb  outweighed 
not  only  her  mother  but  any  other  ewe  in  the  flock.  Note  the  absence  of  wool  on 
the  belly  of  the  ewe  and  the  good,  thick,  uniform  fleece  of  the  lamb. 

of  the  respective  ancestors  for  four  generations.  Each  figure  in  the 
chart  is  just  half  the  size  of  the  one  in  the  generation  preceding,  and 
this  conforms  fairly  well  to  the  standard  formula  of  inheritance. 
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The  chance  of  grandparents'  dominating  the  inheritance  of  the 
mating  can  not  be  more,  and  is  undoubtedly  much  less,  than  1  in 


Grading  Up  With  Dairy  Cattle. 

Fio.  21.— The  result  of  15  years'  consistent  work  with  purebred  bulls, 
grade  Jersey  herd  bred  up  from  a  native  foundation. 


A  Mississippi 


6;  the  chance  of  a  great-grandparent  is  less  than  1  in  14;  and  the 

chance  of  a  great-great-grandparent    (fourth  generation)    is   less 

than  1  in  30,  provided  no  in- 
breeding occurs.  In  a  pedigree 
covering  10  generations  (which 
can  easily  be  run  out  with  almost 
any  of  our  well-established  breeds 
of  domestic  animals)  there  are 
2,046  ancestors,  more  than  half 
of  which  are  in  the  tenth  genera- 
tion. Yet  cattle  are  sometimes 
sold  at  a  premium  because  a 
certain  cow  appears  in  the 
pedigree  as  far  back  as  the  tenth 
generation  or  even  further,  re- 
gardless of  the  merit  of  animals 
much  further  down  in  the  pedi- 
gree. Or  a  pedigree  may  be 
classed  as  unfashionable  and  the 
animal  carrying  it  may  be  dis- 
criminated against,  regardless  of 
its  individual  excellence,  because 

some  unpopular  animal  may  have  appeared  in  an  extremely  remote 

generation. 


Value  of  Pure  Blood. 
Fio.  22. — In  1915  the  Bureau  of  Animal 
Industry  purchased  on  the  Washington 
(D.  C.)  market  a  flock  of  mongrel  hens. 
These  hens  were  mated  to  standardbred 
males  to  show  how  mongrel  flocks  could 
be  Improved  by  grading  up.  This  illus- 
tration shows  a  mongrel  hen,  and  the 
four  which  follow  show  the  results  of 
the  demonstration  with  purebred  Barred 
Plymouth  Rock  males. 


Digiti 


zed  by  Google 


Essentials  of  Animal  Breeding.  31 

LIVESTOCK  IMPROVEMENT. 

GRADING  UP. 

The  process  of  improving  native  stock  by  breeding  the  females  to 
purebred  males  is  termed  grading  up.     The  first  cross  is  usually  a 


Value  of  Pure  Blood.  Value  of  Pure  Blood. 

Fig.  23. — Barred  Plymouth  Rock  male  used  p,o.  24.— First-cross  pullet  of  mongrel  hen 

for  the  first  cross  on  mongrel  hens  such  shown  in   figure  22  and  sired   by  male 

as    the    one    shown    in    the    preceding  shown  in  figure  23. 
illustration. 


Value  of  Pure  Blood.  Value  of  Pure  Blood. 

Fio.   25. — Second-cross  pullet.     Sixe,   con-        Fig.     26. — Third-cross     pullpt.       Fanciers 
formation,    and    color   of   pattern    have  who   did   not   know   how   she  was  bred 

l)een  greaUy  improved.  would  call  this  pullet  a  good  representa- 

tion of  the  breed. 

very   noticeable   improvement   over  the  native  stock,     \^^len   the 
females  of  this  mating  are  bred  to  a  male  of  tlie  same  breed,  greater 
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fixity  of  type  appears.  Continued  use  of  males  of  the  same  breed 
results,  in  a  comparatively  short  time,  in  animals  which  are  practi- 
cally purebred,  although  not  eligible  to  registration  and  therefore  not 
salable  as  purebreds. 

In  grading  up,  consistent  methods  should  be  used  and  males  of  the 
same  breed  used,  cross  after  cross ;  otherwise  the  stock  will  be  mon- 
grelized  instead  of  improved.  Males  should  also  be  better  indi- 
viduals in  all  respects  than  the  females  with  which  they  are  mated, 
in  order  that  each  successive  cross  may  be  an  improvement  over  the 
ones  which  went  before  it. 


Uniformity  Qiiiclcly  Obtained  by  Use  of  Purebred  Males. 

Fio.  27. — Kids  at  the  Experiment  Farm  of  the  Bureau  of  Animal  Industry.  BeltSTllle, 
Md.,  by  purebred  Saanen  buclcs  on  foundation  of  native  does. 

CROSSBREEDING. 

Crossbreeding  is  the  mating  of  purebred  animals  of  different  breeds 
of  the  same  species.  Crossbred  animals  are  usually  larger  and  more 
vigorous  than  either  parent.  Their  hereditary  material,  however. 
is  so  complex  that  there  is  no  certainty  as  to  what  results  will  come 
from  mating  them.  Except  to  produce  market  animals,  crossbreed- 
ing should  be  used  only  by  the  highly  skilled  breeder,  and  it  is  not 
practicable  in  his  case  unless  he  has  an  opportunity  to  place  the 
progeny  on  the  market  for  breeding  purposes.  American  practice  in 
livestock  breeding  does  not  encourage  the  development  of  new  breeds 
except  in  the  case  of  poultry  and  pet  stock.  Therefore  the  practical 
man,  as  a  rule,  will  leave  this  matter  to  t]ie  experimentalists. 
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SOME  INCORRECT  IDEAS  OF  HEREDITY. 

From  the  earliest  beginnings  of  rational  mental  processes  hmnan 
beings  have  asked  the  question  "Why?"  Failing  to  receive  an 
answer  concerning  things  which  they  could  not  understand  they 
have  theorized  and  developed  explanations  as  a  result  of  such  theories 
which  often  have  not  had  any  basis  in  fact.  From  the  time  when  the 
simple  shepherds  of  Asia  watched  their  flocks  beneath  the  stars  and 
wondered  at  the  mysteries  of  nature  around,  above,  and  beneath 


A  Fast-Disappeariug  Type. 

Fio.  28. — Native  Plney-Woods  bow.  Note  the  wattles.  These  sows  are  prolific,  good 
milkers,  and  good  mothers.  In  other  respects  they  have  nothing  to  commend  them. 
Purebred  sows  are  Just  as  prolific,  Just  as  good  milkers  and  mothers,  and  make  pork 
far  more  rapidly  and  more  economically. 

them,  man  has  marveled  at  the  mysteries  of  heredity.  In  some  form 
or  other  many  of  these  meditations  have  persisted  until  modern 
times  as  beliefs  for  which  no  unassailable  proof  has  ever  been  pre- 
sented. 

TELEGONY. 

These  beliefs  are  sometimes  intensified  by  an  apparent  confirmation 
from  scientific  sources.  Possibly  the  most  outstanding  instance  of 
this  kind  is  the  famous  case  of  Lord  Morton's  mare,  which  in  the 
opinion  of  the  great  Charles  Darwin  confirmed  the  theory  of  telegony. 
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This  theory  was  that  the  first  male  to  impregnate  a  female  perma- 
nently endowed  the  female  with  his  characters,  so  that  subsequently 
§he  would  always  exhibit  them  in  her  progeny.  If  this  male  was  of 
another  breed  the  female  became  a  crossbred  by  means  of  this  first 
impregnation.  The  Lord  Morton  mare  was  a  Thoroughbred;  she 
was  mated  with  a  quagga  and  produced  a  hybrid  foal.  She  was 
then  mated  to  a  Thoroughbred  stallion  and  produced  a  foal  with 
stripes.  In  spite  of  the  fact  that  Darwin  knew  that  frequently  horses 
had  both  shoulder  stripes  and  leg  stripes,  and  that  mules  with  leg 
stripes  were  known  to  occur,  he  coupled  this  Morton  case  with  the 
erroneous  beliefs  of  dog  breeders  and  gave  the  theory  in  question 
the  powerful  support  of  his  authority.  The  theory  has  been  com- 
pletely disproved  by  Ewart,  who  has  clearly  shown  it  to  have  been 


i»urebred  Poland  China  sow. 
Fio.  29. — Contrast  this  picture  with  the  photograph  of  the  Plney-Woods  sow. 

a  manifestation  of  inheritance.  Horses,  asses,  and  other  equine  stock 
have  a  common  origin.  With  our  present  knowledge  of  MendePs  law, 
which  was  unknown  to  Darwin,  we  can  understand  much  more  readily 
that  the  appearance  of  stripes  in  horse  stock  is  more  likely  due  to  the 
unexpected  appearance  of  a  recessive  character  than  to  any  residu- 
ary effect  of  any  impregnation  on  the  chromosomes  of  the  female 
germ  cells.  Such  a  theory  is  utterly  impossible  if  we  accept  the 
known  facts  regarding  the  chromosomes  and  their  behavior.'' 

Crosses  most  readily  demonstrate  the  operations  of  Mendelism, 
and  the  more  violent  the  cross  the  more  astonishing  are  the  results. 
It  often  happens  that  the  cross  of  ass  and  mare  brings  to  the  surface 
characters  common  to  the  horse  ancestors  of  the  distant  past.  An- 
other interesting  case  is  seen  in  crossing  certain  breeds  of  hogs,  re- 

^  See  pages  5-8. 
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salting  in  young  which  have  the  longitudinal  stripes  characteristic 
of  the  young  wild  boar. 

MATERNAL  IMPRESSIONS. 

A  famous  ancient  classic  is  the  bargain  which  Jacob  made  with 
his  father-in-law  Laban,  and  since  its  historic  consummation  some 
breeders  of  cattle  have  believed  that  the  presence  of  objects  of  strik- 
ing form  or  color  before  the  eyes  of  the  female  at  the  time  of  con- 
ception have  an  influence  on  the  characteristics  of  the  progeny.  So 
far  as  the  Biblical  case  is  concerned,  the  writer's  impression  is  that 
Laban  was  not  so  skilled  in  the  animal  husbandry  of  his  day  as  was 


Purebred  Du  roc- Jersey  boar. 

Fig.  30. — Quick  results  can  be  obtained  by  using  such  males  on  native  sows,  or  an 
inTestment  may  be  made  In  one  or  two  purebred  sows,  from  which  an  entire  herd  of 
purebreds  Is  soon  at  hand. 

his  crafty  spn-in-law,  and  judging  by  what  we  know  to-day  of  the 
livestock  of  Palestine,  it  would  have  been  far  more  remarkable  if  a 
large  proportion  of  the  calves  had  not  been  speckled  and  spotted." 
A  much  more  modem  case  is  that  of  McCombie,  of  Tillyf our,  one  of 
the  early  Scotch  improvers  of  Aberdeen- Angus  cattle,  who  is  reported 
to  have  believed  that  he  could  increase  the  proportion  of  black  cattle 
in  his  herd  by  having  his  bams  and  fences  painted  black.  The  red 
color  was  comparatively  common  among  Angus  cattle  a  hundred 
years  ago,  and  breeders  were  constantly  culling  out  that  color.  From 
what  we  now  know  of  the  action  of  the  chromosomes,  it  was  selection 
and  not  the  color  of  McCombie's  bams  that  made  the  Angus  cattle 
"black  and  all  black."  Even  to-day  an  occasional  red  Angus  calf 
appears,  as  we  would  expect  to  happen  according  to  the  Mendel ian 


•  See  Genesis  xxx  :  25-43. 
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law  of  inheritance.  If  the  color  before  the  cow's  eyes  at  the  time  of 
service  had  anything  to  do  with  the  color  of  the  calf,  the  red  bams 
of  the  Corn  Belt  would  long  since  have  had  an  astonishing  effect  on 
our  American  Angus  cattle. 

Even,  monstrosities  in  animals  are  probably  the  appearance  of 
some  long-submerged  character,  brought  up  out  of  the  stream  of 
inheritance  by  some  peculiar  combination  of  the  hereditary  ele- 
ments. Certain  animals  and  certain  strains  produce  monstrosities 
more  often  than  others.  Many  of  these  can  be  brought  out  readily 
by  intensive  inbreeding. 

The  pregnant  mother,  whether  of  the  human  or  of  the  animal 
family,  should  be  an  object  of  the  utmost  solicitude  and  should 
receive  the  most  thoughtful,  tender  care.  She  is  engaged  in  a  double 
duty.    The  development  of  the  young  creature  in  her  body  taxes 


Fio.  31. — The  large  animal  is  a  yearling  Aberdeen-Angas  steer.  The  smaUer  one  is  a 
three-year-old  Piney-Woods  steer.  The  difference  between  the  two  is  doe  almost 
entirely  to  difference  in  breeding. 

both  bodily  strength  and  nervous  organization.  We  must  not  for- 
get, however,  that  there  is  no  direct  connection  of  circulation  or 
nervous  system  between  the  mother  and  the  fetus.  Therefore  the 
fetus  can  not  be  affected  by  what  the  mother  sees  or  hears.  Acci- 
dents to  the  mother,  however,  such  as  sudden  strains,  falls,  etc., 
may  have  effects  resulting  in  the  serious  injury  or  death  of  the 
young.  These,  again,  are  not  due  to  heredity,  no  matter  what  the 
effect  on  the  young  may  be. 

CONCLUSIONS. 

The  writer  does  not  presume  by  any  means  to  believe  that  his 
effort  will  succeed  in  removing  completely  from  the  minds  of  men 
their  fallacious  beliefs  concerning  animal  inheritance,  but  he  does 
hope  that  he  may  have  some  influence  in  causing  those  who  breed 
animals  to  look  more  to  nature  herself  and  to  the  operation  of  her 
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laws  for  the  explanation  of  the  facts  which  they  observe  and  not 
try  to  explain  them  as  due  to  supernatural  causes.  To  summarize 
very  briefly,  let  us  bear  in  mind  the  following  fundamental  facts : 

1.  All  animal  forms  on  the  earth  have  developed  gradually  from 
lower  forms  by  very  slow  changes.  This  is  the  process  known  as 
evolution. 

2.  The  young  animal  starts  on  its  career  when  two  bits  of  heredi- 
tary material  (germ  plasm)  unite,  one  from  the  female  (the  egg) 
and  the  other  from  the  male  (the  sperm).  When  the  union  is  com- 
plete, the  sex,  identity,  and  individuality  of  the  animal  are  settled. 
Chance  plays  a  most  important  part  in  determining  these  factors. 

3.  From  now  on  the  fate  of  the  animal  depends  on  its  nourish- 
ment and  environment. 


Why  Cloud  a  Boy's  Dreams  With  This  Kind  of  Stock? 

Fig.  32. — Give  the  youngsters  weU-bred  pigs,  calves,  sheep,  and  chickens,  and  they  will 
be  much  more  likely  to  stay  on  the  farm  and  become  producers  of  useful,  profitable 
animals  to  the  advantage  of  their  own  pocketbooks  and  the  wealth   of  the  Nation. 

4.  The  breeder  can  do  much  to  bend  the  operations  of  the  laws 
of  chance  to  his  own  ends  by  careful  selection  of  breeding  stock. 
'•  Breed  the  best  to  the  best." 

5.  Next  to  selection  the  best  means  at  the  conmiand  of  the  breeder 
to  fix  type  in  his  animals  is  inbreeding.  It  is  a  powerful  tool,  but 
a  dangerous  one  in  unskillful  hands.  Inbred  sires  are  more  im- 
pressive as  a  rule  thJEin  sires  which  are  not  inbred. 

6.  Nature  does  not  work  lawlessly.  Occurrences  attributed  to 
supernatural  means  can  be  more  rationally  explained  as  a  manifesta- 
tion of  some  operation  of  a  law  of  heredity. 

If  a  breeder  has  a  clear  conception  of  these  facts,  he  can  usually 
explain  by  one  or  the  other  nearly  every  occurrence  which  he  may 
observe.  The  clearer  he  thinks  on  these  subjects  the  more  successful 
he  will  be  as  a  breeder. 
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PUBLICATIONS  OF  UNITED  STATES  DEPARTMENT  OF  AGRICUL- 
TURE RELATING  TO  BREEDING  AND  RAISING  LIVESTOCK. 

AVAILABLE  FOR  FREB  DISTRIBUTION  BY  THE  DEPARTMENT. 

Breeds  of  Sheep  for  the  Farm.     (Farmers'  Bulletin  576.) 

Breeds  of  Beef  Cattle.    (Farmers'  Bulletin  612.) 

Breeds  of  Draft  Horse&     (Farmers'  Bulletin  619.) 

Colts:  Breaking  and  Training.     (Farmers'  Bulletin  667.) 

Breeds  of  Swine.     (Farmers'  Bulletin  765.) 

Dairy  Calves  and  Young  Dairy  Stock.    (Farmers'  Bulletin  777.) 

How  to  Select  a  Sound  Horse.    (Farmers'  Bulletin  779.) 

Standard  Varieties  of  Chickens:  I.  The  American  Class.     (Farmers'  Bulletin 

806.) 
Farm  Sheep  Raising  for  Beginners.    (Farmers'  Bulletin  840.) 
Breeds  of  Dairy  Cattle.     (Farmers'  Bulletin  893.) 
Standard  Varieties  of  Chickens :  II.  The  Mediterranean  and  Continental  Classes. 

(Farmers'  Bulletin  898.) 
Breeds  of  Light  Horses.     (Farmers'  Bulletin  952.) 
Standard  Varieties  of  Chickens :  III.  The  Asiatic,  English,  and  French  Classes. 

(Farmers  Bulletin  1052.) 

PUBLICATIONS  BEIATINO  TO  LIVESTOCK   IMPROVEMENT. 

Castration  of  Pigs.    (Farmers'  Bulletin  780.) 

Production  of  Baby  Beef.    (Farmers'  Bulletin  811.) 

Livestock  Classification  at  County  Fairs.     (Farmers'  Bulletin  822.) 

Swine  Management.     (Farmers'  Bulletin  874.) 

Dehorning  and  Castration  of  Cattle.     (Farmers'  Bulletin  940.) 

Cooperative  Bull  Associations     (Fanners'  Bulletin  993.) 

Judging  Beef  Cattle.    (Farmers'  Bulletin  1068.) 

Growing  Beef  on  the  Farm.    (Farmers'  Bulletin  1073.) 

Castrating  and  Docking  Lambs.     (Farmers'  Bulletin  1134.) 

"Better  Sires— Better  Stock"  booklet. 

"  Which  Way  Is  Your  Livestock  Going?  "  poster. 

"  Purebred  Sires  and  Herd  Improvement "  poster. 
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T^HE  PRt)FITABLE  PRODUCTION  of  wheat  in  the 
-*-  eastern  half  of  the  United  States  depends  to  a 
considerable  extent  on  the  choice  of  the  best  adapted 
varieties.  In  general,  the  soft  red  winter  wheats  are 
grown,  although  soft  white  wheats  are  popular  In  the 
northeastern  United  States,  especially  in  New  York 
and  Pennsylvania.  In  the  extreme  western  portion 
of  the  area  discussed  in  this  bulletin,  which  is  limited 
on  the  west  approximately  by  the  line  of  30-inch  rain- 
fall, hard  red  winter  wheats  of  the  Turkey  type  are 
^own.  Along  the  line  of  30-inch  rainfall  there  is  a 
transition  zone  in  which  hard  red  and  soft  red  winter 
wheats  succeed  about  equally  well.  This  is  espe- 
cially true  of  eastern  Oklahoma  and  eastern  Kansas. 

The  leading  varieties  of  hard  red  winter-wheat  are 
the  Turkey,  Crimean,  Kanred,  Kharkof,  and  Malakof. 
These  varieties  are  widely  grown  in  the  western  half 
of  the  United  States. 

There  are  many  varieties  of  soft  red  wheat,  but 
the  most  important  types  are  represented  by  the 
Fultz,  Poole,  Fulcaster,  and  Mediterranean. 

The  Dawson  Golden  ChaflF  and  Gold  Coin,  under 
diflFerent  names,  are  the  most  important  white 
wheats. 


Contribution  from  the  Bureau  of  Plant  Industry 
'  WILLIAM  A.  TAYLOR.  Chirf 

Wadiioffton,  D.  C.  April,  1921 


Show  this  bulletin  to  a  nel^ibor.    Additional  copies  may  be  obtained  free  from  the 
Diviuon  of  Publications,  United  States  Department  <^  Agricaltare 
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VARIETIES  OF  WINTER  WHEAT  ADAPTED 
TO  THE  EASTERN  UNITED  STATES/ 

Clyde  R  Leiohty,  Affronomiat  in  Charge  of  Eastern  Wheat  Investigations, 
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THE  GEOGRAPHIC  REGION  COVERED. 

THIS  BULLETIN  deals  principally  with  the  soft  red  and  soft 
white  winter  wheats  adapted  to  the  eastern  half  of  the  United 
States.     It  is  necessary,  however,  in  discussing  the  kinds  of  wheat 
grown  in  certain  States  in  this  section  to  deal  to  some  extent  with 
the  hard  red  winter  wheats 
and  the  spring  wheats,  as 
there  are  districts  in  which 
these  tjrpes  of  wheat  may 
be  grown  along  with  those 
previously  mentioned.    In 
other     words,     transition 
zones  between  the  different 
wheat  -  growing     districts 
exist,  where  either  of  two 
types  of    wheat   may   do 
about  equally  well. 

The  section  of  the  United 
States  under  consideration 
(the  shaded  portion  of  fig. 
1)  comprises  mainly  the 
States  east  of  Nebraska,  Kansas,  Oklahoma,  and  Texas  and  a  small 
eastern  portion  of  each  of  the  four  States  mentioned.  In  nearly 
all  of  this  area  the  average  annual  rainfall  is  at  least  30  inches,  and, 
although  large  seasonal  variations  occur,  the  area  is  generally  con- 
sidered as  humid.  The  average  annual  rainfall  in  inches  is  shown 
by  the  numbered  lines  in  figure  1. 


Fig.  1. — Outline  map  of  the  United  States,  showing 
by  shaded  lines  that  portion  of  the  humid  wheat 
region  in  which  winter  wheat  is  now  grown.  The 
boundaries  are  somewhat  arbitrary,  there  being 
transition  zones  on  the  north  and  west.  The 
average  annual  rainfall  In  inches  is  shown  by 
the  numbered  lines. 


^ThiB  Farmers'  Bulletin  supersedes  No.  616,  entitled 
Eastern  United  States/'  issued  in  1014. 


'  Winter- Wheat  Varieties  for  the 
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Many  varieties  of  wheat  are  being  grown  at  the  present  time  by  the 
farmers  of  this  part  of  the  United  States,  and  new  varieties  are  con- 
tinuafly  being  originated  and  distributed  by  public  or  private 
agencies.  The  same  variety  is  often  known  by  two  or  more  names, 
however,  and  the  nimiber  of  distinct  varieties  is  much  smaller  than 
the  long  list  of  varietal  names  would  indicate.  The  number  of  dis- 
tinct varieties,  nevertheless,  is  large,  although  the  characters  which 
distinguish  them  are  often  minute  and  sometimes  not  related  to  the 
characters  which  make  the  varieties  valuable.  Careful  study  and 
considerable  time  are  required  in  order  to  learn  to  recognize  varieties, 
and  comparative  tests  are  necessary  to  determine  their  value. 

TESTING  VARIETIES  OF  WHEAT. 

The  testing  of  varieties  of  wheat  has  always  been  an  important 
work  of  the  State  agricultural  experiment  stations  and  of  the  United 
States  Department  of  Agriculture.  In  such  tests  usually  a  large 
number  of  varieties  are  grown  under  conditions  as  nearly  alike  as 
possible,  for  the  purpose  of  determining  the  varieties  best  suited  to 
local  conditions. 

It  usually  has  been  impossible,  however,  to  find  any  one  wheat 
which  is  always  best  for  a  given  locality,  as  conditions  of  climate 
and  soil  cause  fluctuations  from  season  to  season.  About  the  best 
that  can  be  hoped  for  is  to  determine  several  of  the  varieties  which 
will  do  well  on  the  average  for  several  seasons.  The  variety  which 
gives  the  best  average  yield  is  usually  the  one  that  should  be  grown, 
and  not  one  that  yields  remarkably  well,  perhaps,  in  one  season  out 
of  many,  but  whose  average  yield  is  low.  The  recommendations  made 
in  this  bulletin  are  based  principally  upon  the  results  of  varietal  ex- 
periments made  by  the  State  agricultural  experiment  stations  or  the 
agricultural  colleges.  The  assistance  given  by  the  agronomists  of 
the  States  concerned  in  furnishing  these  results  is  hereby  gratefully 
acknowledged. 

NORTHWARD  ADVANCE  OF  WINTER  WHEAT. 

Since  the  introduction  of  the  hardy  varieties  of  wheat  from  south- 
eastern Europe  there  has  been  a  decided  northward  movement  of  the 
winter-wheat  area.  This  movement  has  been  rapid  in  recent  years. 
The  reasons  therefor  are  the  generally  large  yields  of  winter  wheat, 
due  (1)  to  its  earlier  maturity,  thus  enabling  it  to  escape  hail,  hot 
winds,  and  disease;  (2)  to  its  greater  drought  resistance;  and  (3) 
to  the  better  division  of  labor  which  it  allows,  through  fall  seeding 
and  earlier  harvesting. 

The  acreage  of  winter  wheat  in  1909  is  shown  in  figure  2  and  the 
same  data  for  common  spring  wheat  in  figure  3. 
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The  average  yields  in  Iowa  and  Minnesota  for  10  years  (1909-1918) 
show  an  advantage  of  4.2  and  3.1  bushels,  respectively,  in  favor  of 
winter  wheat  over  spring  wheat.  With  this  evidence  at  hand  it  is 
seen  that  the  region  in  which  winter  wheat  is  grown  should  be  ex- 
tended northward  as  rapidly  as  possible,  making  use  of  the  hardy 
varieties  and  more  hardy  strains  as  these  are  developed,  and  that  the 
spring  varieties  should  be  used  only  in  cases  where  the  fall-sown 
wheats  are  winterkilled  or  where  winter-wheat  growing  has  been 
found  by  trial  to  be  unprofitable.  Large  acreages  of  winter  wheat 
should  not  be  sown  in  any  locality,  however,  until  it  has  been  de- 
termined by  tests  lasting  at  least  three  years  that  the  crop  will 
succeed. 
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Fio.  2. — Oatline  map  of  the  United  States,  showing  the  acreage  of  winter  wheat  grown 
In  1909.  Each  dot  represents  5,000  acres.  Each  coonty  having  orer  2,500  acres  and 
not  more  than  7,500  acres  has  one  dot,  from  7,500  acres  to  12,600  acres,  two  dots,  etc. 

TRANSITION  ZONES  IN  WHEAT  GROWING. 

In  northern  Iowa  and  southern  Minnesota  there  is  a  transition 
zone  between  the  district  which  grows  only  winter  wheat  and  the 
district  which  grows  only  spring  wheat.  In  this  zone  both  spring 
and  winter  wheats  are  grown,  often  on  the  same  farm.  This  same 
condition  exists  in  northeastern  Nebraska. 

In  southern  Iowa,  southeastern  Nebraska,  eastern  Kansas,  central 
Oklahoma,  and  north-central  Texas  there  is  a  similar  transition  zone, 
the  two  types  of  wheat  being  the  hard  red  winter  wheats  of  the  Tur- 
key type,  that  are  better  adapted  westward,  and  the  soft  red  winter 
wheats,  that  are  better  adapted  eastward.  This  transition  zone,  gen- 
erally speaking,  is  that  region  which  has  an  average  annual  rainfall 
between  30  and  35  inches. 
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HARD  RED  WINTER  WHEAT. 

The  hard  red  winter  wheats  are  of  the  Turkey  or  Crimean  type, 
represented  principally  by  the  Turkey,  Crimean,  Kanred,  Kharkof, 
and  Malakof  varieties.  All  of  these  are  usually  adapted  to  localities 
in  which  the  Turkey  variety  succeeds.  The  Kharkof  is  generally 
considered  to  be  more  hardy  than  the  Turkey  variety  and  conse- 
quently better  adapted  than  the  latter  to  northern  localities,  espe- 
cially in  the  northern  parts  of  Illinois,  Iowa,  and  Nebraska  and  the 
southern  parts  of  Minnesota  and  Wisconsin.  Certain  selected  strains 
of  the  -Turkey  >vheat  seem  to  be,  however,  equally  as  hardy  as  the 
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Fig.  3. — Outline  map  of  the  UnltPd  States,  showing  the  acreage  of  common  spring  wheat 
gro>\Ti  in  1909.  Each  dot  represents  5,000  acres.  E^ach  county  having  orer  2,500 
acres  and  not  more  than  7,500  acres  has  one  dot,  from  7,500  acres  to  12,000  acres, 
two  dot«,  etc. 

Kharkof.  There  are  also  strains  of  these  hard  wheats,  selected  at 
several  State  experiment  stations,  which  yield  much  better  than  the 
unselected  seed  commonly  grown.  The  Kanred,  developed  at  the 
Kansas  Agricultural  Experiment  Station,  is  one  of  the  best  of  these. 

SOFT  RED  WINTER  WHEAT. 

Soft  red  winter  wheat  is  sown  in  all  that  part  of  the  United  States 
east  and  south  of  the  transition  zone  already  described  where  wheat 
is  grown,  except  those  parts  of  the  North  Atlantic  and  New  England 
States  where  white  wheat  or  spring  wheat  is  grown.  This  region 
is  sometimes  divided  into  northern  and  southern  sections;  but  this 
division  is  based  upon  climatic  conditions,  as  the  grain  produced  ip 
the  Southern  States  is  not  markedly  different  from  that  produced 
in  the  Northern  States. 
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For  convenience  of  reference  only,  tKe  States  producing  red  winter 
wheat  will  be  grouped  under  the  following  heads : 

(1)  The  southern  section  west  of  the  Mississippi  River,  which  includes  east- 
em  Oklahoma,  Arkansas,  Texas,  and  Ix>uisiana. 

(2)  The  southern  section  east  of  the  Mississippi  River,  which  Includes  Ten- 
nessee and  North  Carolina  and  the  States  southward. 

(3)  The  North-Central  States,  which  include  Kentucky  and  the  States  north- 
ward ;  also  Missouri  and  part  of  Kansas. 

(4)  The  North  Atlantic  States,  which  include  Virginia  and  the  States  north- 
ward. 


Fig.  4. — Heads  of  bearded  winter  wheat,  representative  of  the  following  groups:  1, 
Mediterranean  (group  6)  ;  2,  Virginia  (group  7)  ;  8,  Bearded  Winter  Fife  (group  18) ; 
4,  Early  Genesee  Giant  (group  12). 

ADAPTED  VARIETIES  OF  SOFT  RED  WINTER  WHEAT. 

WHEAT  IN  THE  SOUTHERN  SECTION  WEST  OF  THE  MISSISSIPPI  RIVER. 

Texas. — For  the  northern  part  of  Texas,  extending  southward 
three  or  four  tiers  of  counties  from  the  Red  River,  where  the  annual 
rainfall  amounts  to  about  80  inches  or  more,  bearded  wheats  of  the 
Mediterranean  type  (fig.  4)  are  commonly  grown  and  give  on  the 
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average  better  results  than  the  Turkey  wheats.  In  addition  to  the 
Mediterranean  variety,  the  Fulcaster  and  the  Ironclad  are  varices 
of  soft  red  bearded  wheats  commonly  grown,  while  the  Poole,  Michi- 
gan Amber,  and  German  Emperor  (aU  very  similar  to  each  other) 
are  good  soft  red  beardless  wheats.  The  area  to  the  west,  where  the 
rainfall  is  less  than  about  30  inches  annually,  is  included  in  the  hard 
winter-wheat  district,  and  the  Turkey  and  Kharkof  varieties  are 
more  certain  to  produce  a  good  crop.  Wheat  is  not  successfully 
grown  on  the  sandy  coastal  plains  of  Texas. 

Louisiana. — ^Wheat  has  generally  failed  when  grown  for  grain  in 
Louisiana, .  and  it  can  not  be  recommended.  On  the  red  lands 
"of  northern  Louisiana,  however,  wheat  is  one  of  the  best  winter 
grazing  crops  and  in  favorable  seasonsL  may  produce  a  profitable 
yield  of  grain.  As  it  fits  well  in  systematic  rotations,  wheat  may 
often  be  grown  profitably  in  Tx)uisiana  for  pasture  and  feed.  The 
,  following  varieties  of  soft  red  winter  wTieat  are  reported  as  having 
yielded  well:  Fultz,  Eed  May,  Harvest' King,  Fulcaster,  and  Purple 
Straw.  Of  these  varieties  the  Fulcaster  is  bearded,  while  the  others 
are  beardless.  - 

'  Arkansas. — Conditions  for  Avheat  growing  in  southern  Arkansas 
are  similar  to  those  of  northern  Louisiana.  On  the  high  lands  of 
[the  northern  part,  however,  wheat  may  be  more  successfully  grown. 
fThe  varieties  giving  tTie  best  results  are  the  Alabama  Bluestem,  Ked 
!May,  Purple  Straw,  and  Fultz,  all  beardless  varieties,  and  the 
Fulcaster  and  Stoner^  (or  Marvelous),  bearded  varieties. 

Oklahoma. — There  are  two  distinct  wheat  belts  in  Oklahoma.  The 
/western  ^rtipn,  which  is  the  main  wheat  section,  is  in  the  hard  red 
winter- wheat  belt,  while  the  eastern  portion  is  in  the  soft  red  winter- 
wheat  belt.  The  division  line  lies  about  midway  between  the  lines 
,of  30  and  35  inch  average  annual  rainfall  (see  fig.  1)  and  coincides 
rToughly  with  the  1,000- foot  elevation  line.  A  line  drawn  from  New- 
kirk  in  the  north  to  Waurika  in  the  south  divides  the  State  approxi- 
mately into  the  two  portions.  Along  this  line  both  hard  and  soft 
wheat  varieties  succeed  about  equally  well  on  the  average,  although 
one  or  the  other  may  be  favored  by  seasonal  conditictfls. 

The  hard  wheats  adapted  to  the  western  portion  are  the  Turkey, 
Kharkof,  and  Kanred,  all  bearded.  The  Kanred  has  led  in  yield 
in  recent  varietal  experiments.  The  soft  red  wheats  adapted  to  the 
eastern  portion  are  the  Sibley  New  Golden,  Fulcaster,  Missouri  Blue- 
stem,  and  Mediterranean  (all  bearded  varieties),  and  the  Fultz  and 
Early  Red  Clawson  (beardless  varieties). 

«  ThlB  Tarlety  is  known  by  various  other  names,  among  whicb  are  Bnracle  and  One-PeA- 
to-the-Acre.  Extravagant  and  misleading  claims  have  been  made  for  it,  concerning  wUeb 
detailed  data  are  given  in  Department  Bulletin  357.  It  8houl4  ^  QQwa  «t  tlie  rata  per 
acre  commonly  used  for  wheat  and  not  at  reduced  rates. 
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WHEAT  IN  THE  SOUTHERN  SECTION  EAST  OP  THE  MISSISSIPPI  RIVER. 

Mississippi,  Alabama,  Georgia,  and  South  Carolina. — ^Wheat  is 
more  successfully  grown  on  clay  or  loam  than  on  sandy  soil ;  conse- 
quently it  is  not  grown  to  any  large  extent  in  the  southern  parts  of 
these  States,  but  is  principally  confined  to  the  Piedmont  region. 
Preference  should  be  given  to  good  locally  grown  seed  of  a  strain 
or  variety  that  is  known  to  produce  good  results. 

A  beardless,  white-chaffed,  red-grained  variety  known  in  different 
localities  as  Alabama  Bluestem,  Georgia  Bluestem,  Alabama  Red, 
Georgia  Red,  or  Purple  Straw  is  generally  one  of  the  best  yielding 
wheats  in  these  States.  Other  good  beardless  varieties  of  wide 
adaptation  are  the  Red  May,  Fultz,  and  Leap  Prolific.  Bearded 
wheats  usually  producing  good  yields  are  the  Red  Wonder,  Ful- 
caster,  and  Dietz  Mediterranean.  There  is  little,  if  any,  difference 
between  the  wheats  to  which  these  three  names  are  applied. 

Florida. — Wheat  is  seldom  grown  in  Florida  and  can  not  be  recom- 
mended as  a  crop  for  that  State.  Occasionally  it  produces  a  fair 
yield  of  grain,  but  it  is  not  a  sure  crop  and  can  not  compete  with 
other  crops. 

Tennessee. — Much  of  Tennessee  is  fairly  well  suited  to  wheat  grow- 
ing, the  yields  and  quality  of  grain  being  good.  The  Fulcaster, 
Poole,  Fultz,  and  Fultzo-Mediterranean  (known  also  as  Economy, 
New  Columbia,  Squarehead,  and  Four-Rowed  Fultz)  varieties  are 
recommended.  All  of  these  are  beardless  except  the  Fulcaster,  which 
is  bearded.  With  the  Fulcaster  may  be  included  the  Stoner  or  Mar- 
velous '  variety.  Other  red-grained  varieties  that  have  done  "espe- 
cially well  in  comparative  experiments  are  the  Kansas  Mortgage 
Lifter,  Dietz,  Mediterranean,  and  Valley  (all  bearded)  and  the 
Currell  Prolific,  Red  Russian,  Harvest  King,  and  Red  Prolific, 
beardless  sorts.  The  Fultzo-Mediterranean  has  stiff  straw  and  is 
therefore  recommended  for  rich  land  where  other  varieties  may  lodge. 

North  Carolina. — The  Piedmont  and  mountain  sections  of  North 
Carolina  are  suited  to  wheat  growing.  The  Purple  Straw,  Leap 
Prolific,  Red  May,  and  Fultz  (beardless  varieties,  fig.  5),  and  the 
Fulcaster,  Lancaster,  Dietz,  and  Red  Wonder  (bearded  varieties) 
are  some  of  the  well-known  sorts  which  have  given  good  yields  in  this 
State. 

WHEAT  IN  THE  NORTH-CENTRAL  STATES. 

Eastern  Kansas. — The  soft  or  semihard  wheats,  known  commer- 
cially as  soft  red  winter  wheat,  are  best  for  growing  in  a  section 
of  eastern  Kansas.  This  section  can  not  be  limited  exactly,  but  may 
be  said  to  include  the  eastern  tier  of  counties  at  the  north  and.  grad- 


"  Soe  tljp  footnote  on  page  8. 
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ually  increasing  toward  the  south,  to  include  the  four  eastern  tiers 
on  the  southern  border.  The  line  of  division  is  not  far  from  the 
35-inch  rainfall  line  shown  in  figure  1.  In  a  section  west  of  this, 
including  one  or  two  tiers  of  counties  across  the  State  and  approach- 
ing well  toward  the  30-inch  rainfall  line,  soft  red  and  hard  red 
wheats  do  about  equally  well.  This  is  the  transition  zone  between 
these  two  types  of  wheat,  as  the  hard  wheats  of  the  Turkey  tjrpe 
undoubtedly  are  better  west  of  this  zone. 


Fiu.  5. — Heads  of  beardlesH  winter  wheat,  representative  of  the  following  groups:  1. 
Fultz  (group  1)  ;  2,  Leap  Prolific  (group  1>  ;  3,  Purple  Straw  (group  1);  4,  Pook 
(group  2)  ;  5,  Mealy  (group  3)  ;  6,  Dawson  Golden  Chaff  (group  10). 

The  Fulcaster  variety  has  produced  the  highest  yields  in  experi- 
ments conducted  in  southeastern  and  northeastern  Kansas  to  deter- 
mine the  best  varieties  of  wheat.  In  northeastern  Kansas  Hie  Har- 
vest Queen  has  yielded  nearly  as  well  as  the  Fulcaster  and  is  more 
winter  hardy.  It  also  has  a  stiff  straw  and  stands  up  well  on  rich 
soil.  The  Harvest  Queen  is  beardless  and  is  therefore  given  prefer- 
ence by  many  farmers  over  the  Fulcaster,  which  is  bearded. 
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The  Fultz  and  Zimmerman,  beardless  white-chaffed  varieties,  are 
often  grown  in  the  soft-wheat  belt  of  eastern  Kansas.  Both  are 
early  maturing,  the  Zimmerman  being  especially  early.  In  certain 
seasons  and  on  some  soils  where  earliness  is  an  advantage,  these 
varieties  are  better  than  the  later  maturing  ones. 

The  Currell,  a  beardless  red-chaffed  variety,  is  especially  well 
suited  to  wet  lands  in  southeastern  Kansas.  It  has  a  rather  stiff 
straw  and  stands  up  well  after  ripening. 

In  the  transition  zone  mentioned  above  and  westward,  the  Kanred, 
a^new  variety  of  hard  winter  wheat  developed  at  the  Kansas  Agri- 
cultural Experiment  Station,  appears  to  be  superior  to  the  older 
varieties,  Turkey  and  Kharkof ,  which  hitherto  have  been  generally 
grown. 

Missouri. — ^Extensive  varietal  experiments  made  by  the  Missouri 
Agricultural  Experiment  Station  in  recent  years,  in  cooperation  with 
the  United  States  Department  of  Agriculture,  indicate  that  the 
bearded  varieties,  Fulcaster,  Dietz  (Fulc^er  and  Dietz  are  practi- 
cally identical),  Mediterranean,  and  Lebanon,  and  the  beardless  va- 
rieties, Poole,  Michigan  Wonder,  Red  Wave,  Beechwood,  Early  Ripe 
{Iheee  last-named  five  varieties  are  similar),  Hickman,  and  Fultz 
(Hickman  and  Fultz  are  practically  identical),  are  well  adapted  for 
growing  in  that  State.  The  hard  red  winter  wheats,  Kanred,  Turkey, 
and  Kharkof,  are  about  equal  to  the  soft  red  varieties  named  above 
in  the  extreme  northwestern  comer  of  the  State. 

nUnois. — ^The  hard  red  wheats  are  best  adapted  to  central  and 
northern  Illinois.  The  Kharkof  seems  best  adapted  to  the  extreme 
northfim  part,  while  the  Kharkof,  Turkey,  Malakof ,  and  Beloglina 
are  all  adapted  to  the  remainder  of  this  section. 

The  soft  red  wheats  are  best  adapted  to  southern  Illinois.  The 
fcSkming  varieties  are  among  the  best  for  this  part  of  the  State: 
Fulcaster  and  Rudy  (bearded  varieties) ,  and  Harvest  King,  Whee- 
dling, Fiiltz,  and  Poole  (beardless  varieties). 

Kentucky. — ^The  Fultz  has  not  been  surpassed  in  yield  by  any 
variety  tested  at  the  Kentucky  Agricultural  Experiment  Station,  and 
it  is  probably  the  equal  of  any  variety  for  the  bluegrass  section  of 
the  State.  A  strain  of  this  wheat  isolated  and  tested  at  the  Ken- 
tucky station  has  been  found  better  than  the  original  variety,  and 
this  will  soon  be  distributed  over  the  State.  The  Fultzo-Mediter- 
ranean  (also  known  as  Square-Head,  Four-Rowed  Fultz,  and  Econ- 
omy), because  of  its  stiff  straw,  is  suited  to  very  rich  land,  especially 
bottom  land.  The  Currell  Prolific  and  the  similar  varieties  Poole 
and  JHarvest  King  are  considered  by  farmers  as  best  in  western 
Kentucky. 


Digiti 


zed  by  Google 


12  Farmers'  Bulletin  1168, 

Of  the  bearded  wheats  the  Fulcaster  is  a  high  yielder  and  produces 
grain  of  excellent  quality.  The  Kansas  Mortgage  Lifter  and  Marvel- 
ous are  practically  identical  with  the  Fulcaster. 

Indiana. — Extensive  experiments  conducted  by  the  Purdue  Univer- 
sity Agricultural  Experiment  Station  indicate  that  the  Michigan 
Amber,  Harvest  King,  Eudy,  Farmers  Friend,  and  the  better  strains 
of  Fultz  and  Poole  are  well  adapted  to  the  greater  part  of  the  State. 
The  Turkey  is  a  good  variety  for  the  black  soils  of  the  northwestern 
section  of  Indiana.  The  Red  Wave  is  a  good  yielder  in  certain 
sections,  but  as  a  rule  is  not  of  good  milling  quality.  These  are  all 
red  wheats.  The  Rudy,  Farmers  Friend,  and  Turkey  are  bearded 
varieties,  while  the  others  mentioned  are  all  beardless.  In  some 
sections  the  Red  Rock  (bearded)  is  finding  favor.  Several  other 
varieties  are  to  be  found  in  the  State.  The  varieties  named  are 
•among  the  best  and  most  widely  distributed,  however,  and  may  be 
safely  recommended. 

Ohio. — In  a  20-year  varietal  experiment  at  the  Ohio  Agricultural 
Experiment  Station  the  Dawson  Golden  Chaff  has  led  in  yield  by 
slightly  more  than  a  bushel  per  acre.  This  wheat,  it  must  be  remem- 
bered, however,  is  not  a  red  but  an  amber  or  white  grained  wheat. 
Red  wheats  following  closely  in  yield  are  Harvest  King,  Nigger, 
Poole,  Mealy,  and  Valley.  In  the  past  10  years  a  number  of  new 
varieties  of  red  wheat  originated  by  selection  at  this  station  have 
been  included.  The  white  wheats  Dawson  Golden  Chaff  and  Gold 
Coin  have  again  led  in  yield,  but  by  less  than  a  bushel  p>er  acre.  In 
this  10-year  experiment  the  highest  yielding  red  wheats  are  the 
Gladden  (a  selection  of  Gipsy),  Portage  (a  selection  of  Poole), 
Trumbull  (a  selection  of  Fultz),  Harvest  King,  Bed  Wave,  Poole, 
and  Nigger.  Tests  made  in  different  parts  of  the  State  indicate 
that  the  selections  named  above  are  widely  adapted.  The  Gladden, 
Nigger,  and  Valley  are  bearded;  the  others  are  beardless. 

Michigan. — The  Red  Rock  (bearded,  red  grained,  red  chaffed)  is 
the  most  widely  grown  variety  in  Michigan.  It  was  developed  at 
the  Michigan  Agricultural  Experiment  Station.  When  grown  on 
good  wheat  land  it  produces  grain  of  superior  hardness  and  baking 
qualities.  The  Egyptian,  Nigger,  Shepherd  Perfection,  and  Lan- 
caster are  old  standard  varieties  which  came  through  the  trying 
winters  of  1917  and  1918  in  comparatively  good  shape. 

Of  the  white  wheats  the  American  Banner  is  of  the  highest  quaUty, 
but  the  Dawson  Golden  Chaff,  Gold  Coin,  and  Plymouth  Rock  are 
more  widely  grown. 

Due  to  the  increase  in  the  milling  of  local  wheats  there  is  an  in- 
creased demand  for  red  wheats  of  superior  hardness  as  compared  to 
the  softer  red  and  white  wheats. 
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In  1918  and  1919  the  acreage  of  spring  wheat  was  largely  increased 
in  Michigan.  The  Marquis  variety  has  met  with  most  widespread 
favor.  Judging  by  the  performance  of  this  variety  during  the  past 
two  years  a  considerable  acreage  of  spring  wheat  will  figure  perma- 
nently in  many  Michigan  sections,  particularly  in  the  Thumb  region, 
the  upper  part  of  the  Lower  Peninsula,  and  on  land  adapted  to 
wheat  on  the  Upper  Peninsula. 

WHEAT  IN  THE  NORTH  ATLANTIC  STATES. 

Virginia. — Varieties  adapted  to  the  western  part  of  Virginia  are 
the  Fulcaster,  Stoner,  Red  Wonder,  Blue  Ridge,  and  Mediterranean 
(bearded  varieties)-,  and  the  Fultz,  Harvest  King,  Leap  Prolific,  and 
Perfection  (beardless  varieties).  The  bearded  varieties  have  yielded 
better  than  the  beardless  ones.  For  the  northern  and  eastern  parts 
of  the  State  tests  at  the  Arlington  Farm,  near  Washington,  D.  C, 
indicate  that  the  following  varieties  are  all  well  adapted:  Purple 
Straw,  Fultz,  Poole,  Leap  Prolific,  Currell,  and  China.  All  of  these 
are  beardless  varieties.  The  bearded  varieties,  Dietz,  Bearded 
Purple  Straw,  and  Mammoth  Red  (all  similar),  while  especially 
good  in  some  seasons,  have  not  produced  as  high  average  yields  as 
the  beardless  sorts. 

West  Virginia. — Gipsy,  Nigger,  and  Rudy  (bearded,  red-grained 
varieties),  Poole  (beardless  red  grained),  and'Dawson  Golden  Chaff 
(beardless  white  grained)  are  good  varieties  for  growing  in  this 
State. 

Maryland. — The  following  varieties  of  wheat  are  adapted  to  Mary- 
land: China  and  Currell  Prolific  (beardless  red  wheats).  Bearded 
Purple  Straw,  Dietz  Longberry,  Turkish  Amber,  Mammoth  Red, 
and  Fulcaster  (bearded  red  wheats),  and  Dawson  Golden  Chaff 
(a beardless  white  wheat). 

Delaware. — The  wheats  listed  below  are  especially  recommended 
for  conditions  in  this  State.  They  have  yielded  well  in  extensive 
experiments  at  the  Delaware  Agricultural  Experiment  Station  and 
in  the  main  have  the  characteristics  desired  by  the  farmer  and  by  the 
miller. 

The  bearded  varieties  recommended  are  the  Auburn  Red,  Dietz 
Amber,  Farmers  Trust,  Gipsy,  Lebanon,  Mediterranean,  Red 
Wonder,  Reliable,  Rudy,  and  Valley.  The  beardless  varieties  recom- 
mended are  the  California  Red,  Currell  Prolific,  Harvest  King,  Leap 
Prolific,  and  Poole. 

New  Jersey. — The  Fultz,  Currell  Prolific,  and  China  are  good 
beardless  red-grained  wheats  for  New  Jersey,  and  the  Dawson  Golden 
Chaff  is  an  adapted  beardless  white-grained  wheat.  These  varieties 
have  been  widely  grown  and  have  been  found  to  yield  well  in  nearly 
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every  place  where  tried.  The  Leap  Prolific  is  a  good  beardless  red- 
grained  wheat  for  the  State  for  early  sowing,  but  has  not  been  found 
as  satisfactory  as  some  other  varieties  for  late  sowing.  The  Bed 
Wave  is  also  grown  to  some  extent. 

.  The  Fulcaster,  a  bearded  red-grained  variety,  is  adapted  to  a  wide 
range  of  soils  in  the  State  and  is  one  of  the  surest  wheats  for  north- 
em  New  Jersey,  as  it  also  is  for  much  of  the  eastern  part  of  the 
United  States.  The  straw  is  of  medium  stiffness,  this  variety  being 
inferior  in  this  respect  to  the  Fultz,  Currell  Prolific,  and  China 
varieties. 

Pennsylvania. — Varieties  of  red  winter  wheat  adapted  to  Pennsyl- 
vania are  the  Currell  Prolific,  St.  Louis  Grand  Prize,  Poole,  Bed 
Wave,  Harvest  King,  Reliable,  Dietz  Longberry,  and  Fulcaster. 
The  last  three  mentioned  are  bearded;  the  others,  beardless.  Daw- 
son Golden  Chaff,  a  white  wheat,  gives  excellent  results  in  the  State. 

New  York, — White  wheats  are  most  commonly  grown  in  New 
York.  Several  of  the  red  wheats,  however,  have  yielded  well  in 
recent  experiments.  The  Red  Wave  and  Prosperity,  beardless  va- 
rieties, and  the  Gipsy  and  Fulcaster,  bearded  varieties,  are  recom- 
mended. Selections  from  these  varieties  developed  in  the  breeding 
operations  at  Cornell  University  Agricultural  Experiment  Station 
in  cooperation  with  the  United  States  Department  of  Agriculture 
have  outyielded  the  original  varieties  and  are  being  distributed  to 
farmers. 

SOFT  WHITE  WINTER  WHEAT. 

The  principal  district  growing  soft  white  winter  wheat  comprises 
New  York  and  Pennsylvania  and  portions  of  the  States  lying  imme- 
diately south  and  east  of  them.  AVhite  wheat  is  not  the  only  kind 
grown  in  this  district,  red  wheat  being  also  largely  grown  in  some 
parts.  On  the  other  hand,  more  or  less  white  wheat  is  grown 
throughout  the  soft  red  winter  wheat  district,  especially  in  Michigan 
and  Ohio. 

In  New  York  and  under  similar  conditions,  speaking  generally, 
white  wheats  yield  more  grain  per  acre,  possess  stronger  straw, 
weigh  a  little  less  to  the  measured  bushel,  have  slightly  softer  graiife, 
and  furnish  a  better  pastry  flour  but  a  somewhat  weaker  bread  flour 
than  the  red  varieties. 

DEMAND  FOR  SOFT  WHITE  WHEAT. 

There  is  a  considerable  demand  for  soft  \^hite  wheat  in  New  York 
and  adjoining  States  by  manufacturers  of  wholerwheat  foods  and 
pastry  flours.  When  the  local  supply  is  inadequate,  this  class  of 
wheat  is  sometimes  brought  from  the  Pacific  coast  There  is  also 
a  large  local  demand  for  wheat  as  poultry  feed  in  these  States  and 
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in  New  England,  and  the  variety  giving  the  largest  yields  of  grain 
will  probably  be  found  most  profitable  where  this  demand  exists, 
irrespective  of  the  milling  value  of  the  wheat.  Where  white  wheat 
yields  best,  therefore,  and  there  is  a  good  market  for  it,  the  growing 
of  this  type  is  recommended. 

ADAPTED  VARIETIES  OF  SOFT  WHITE  WINTER  WHEAT. 

The  white  wheats  which  have  succeeded  well  in  the  North-Central 
and  North  Atlantic  States  are  as  follows : 

Indiana, — Dawson  Golden  Chaff. 

Michigan, — Early  Windsor,  Dawson  Golden  Chaff,  American  Banner. 

Ohio,  Virginia,  West  Virginiay  Maryland,  and  New  Jersey. — Dawson  Golden 
Chaff. 

Pennsylvania, — Dawson  Golden  Chaff,  Gold  Coin  (or  Forty  fold,  Klondike, 
or  Number  6). 

New  York. — Dawson  Golden  Chaff,  Gold  Coin  (or  Fortyfold,  Klondike,  or 
Number  6),  Jones  Longberry  Na  1,  Early  Genesee  Giant. 

Dawson  Golden  Chaflf  is  probably  the  leading  variety  of  soft 
white  winter  wheat.  It  has  been  one  of  the  highest  yielding  varieties 
among  all  the  wheats  tested  in  the  States  just  mentioned.  This 
variety  stands  up  well  in  the  field  and  is  above  the  average  in  winter 
resistance.  The  grains  are  somewhat  harder  than  those  of  most  other 
white  wheats.  In  several  milling  and  baking  tests  that  have  been 
niade  it  has  given  a  good  yield  of  flour,  rather  low  in  total  protein 
content,  but  containing  gluten  of  excellent  quality. 

Gold  Coin  wheat  under  one  name  or  another,  such  as  American 
Banner,  Fortyfold,  Klondike,  Number  6,  or  Junior  No.  6,  is  grown 
very  widely  in  New  YorL  It  has  a  somewhat  softer,  whiter  grain 
than  the  Dawson  Golden  Chaff  variety,  the  head  is  somewhat  more 
compact,  and  the  straw  is  purple,  while  in  the  Dawson  Gt)lden  Chaff 
it  is  yellow. 

WHEAT  IN  THE  NEW  ENGLAND  STATES. 

The  only  States  of  this  group  for  which  wheat  production  is  re- 
ported by  the  Bureau  of  Crop  Estimates  are  Maine  and  Vermont. 
There  was  a  marked  increase  in  acreage  and  production  in  these  two 
States  from  1914  to  1918,  but  a  decrease  in  1919.  In  Maine  the  in- 
crease was  from  3,000  acres  in  1914  to  22,000  in  1918,  with  a  de- 
crease to  8,000  acres  in  1919.  The  production  in  the  three  years 
was,  in  1914,  81,000  bushels;  in  1918,  484,000  bushels;  in  1919, 
150,000  bushels.  In  Vermont  the  area  increased  from  1,000  acres  in 
1914  to  19,000  in  1918  and  decreased  to  11,000  in  1919.  The  pro- 
duction in  the  three  years  was,  in  1914,  29,000  bushels;  in  1918, 
418,000  bushels;  in  1919,  176,000  bushels. 
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Spring  wheat  is  the  only  kind  reported  as  being  grown  in  the 
two  States  just  mentioned.  The  adapted  varieties  are  the  Marquis, 
Fife,  Bluestem,  and  Preston. 

Experiments  made  by  the  Connecticut  Agricultural  Experiment 
Station  at  New  Haven  during  the  seasons  of  1911-12  and  1912-13 
with  seed  of  14  varieties  of  winter  wheat  furnished  by  the  United 
States  Department  of  Agriculture  indicate  that  all  of  the  varieties 
tested  can  be  successfully  grown  in  that  locality.  Although  all  these 
varieties  were  grown  under  adverse  soil  conditions,  the  average 
yield  for  the  two  years  is  above  18  bushels  in  every  case.  The  six 
leading  varieties  in  the  order  of  yield  are  Dawson  Golden  Chaff, 
Fultzo-Mediterranean,  Dietz,  Bearded  Winter  Fife,  Fultz,  and  Mary- 
land Flint.  The  Dawson  Golden  Chaff  yielded  at  the  rate  of  29 
bushels  per  acre,  while  the  other  five  varieties  each  yielded  ap- 
proximately 23  bushels  per  acre.  It  is  probable  that  the  Dawson 
Golden  Chaff  is  one  of  the  best-yielding  winter  varieties  for  the 
New  England  States. 

There  is  a  large  local  demand  in  New  England  for  wheat  as  a 
poultry  or  stock  feed.  It  should  not  be  difficult  for  several  farmers 
in  almost  every  neighborhood  to  seU  at  a  good  price  to  their  neigh- 
bors all  the  wheat  which  they  can  raise.  The  growing  of  wheat  on 
land  adapted  to  its  culture  is  therefore  likely  to  prove  profitable  in 
New  England,  and  the  farmers  of  this  section  would  do  well  to  con- 
sider carefully  the  addition  of  wheat  to  the  crops  which  they  grow. 
Winter  wheat  will  doubtless  produce  better  average  yields,  where  it 
can  be  grown,  than  spring  wheat  if  proper  cultural  methods  are  em- 
ployed and  suitable  varieties  are  used. 

THE  IMPROVEMENT  OF  VARIETIES. 

Many  farmers  are  doubtless  growing  inferior  varieties  of  wheat 
The  first  concern  of  every  grower  should  be  to  determine,  by  test  or 
otherwise,  the  variety  best  suited  to  his  conditions.  Having  deter- 
mined this  point,  he  should  then  begin  and  faithfully  continue  system- 
atic efforts  to  improve  this  variety  for  the  conditions  of  his  farm. 
The  method  of  improvement  to  be  adopted  should  depend  upon  the 
importance  of  the  wheat  crop  on  the  farm  in  question  and  the  time 
and  facilities  at  the  disposal  of  the  farmer.  Every  farmer  should  at 
least  use  clean,  plump,  heavy  seed  of  the  best-adapted  variety  that  he 
can  obtain. 

Wheat  can  be  improved  in  yield  and  in  other  desirable  characters 
by  the  selection  of  good  heads  or  good  plants  from  the  general  field 
and  growing  the  seed  from  each  individual  head  or  plant  in  separate 
rows.  At  harvest  time  the  best  rows  are  thrashed  and  preserved 
separately  and  each  lot  thus  obtained  is  sown  again  in  separate  rows 
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of  suitable  length.  This  is  continued  year  after  year  until  a  few 
superior  strains  are  obtained,  which  may  be  rapidly  increased  in 
larger  plats. 

A  method  of  purifying  a  variety  and  sometimes  of  increasing  yield 
is  one  which  may  be  called  "  mass  selection,"  No  great  amount  of 
time  or  extra  labor  is  required  by  this  method  to  secure  satisfactory 
results.  In  applying  it,  a  field  of  wheat  is  examined  at  harvest  time 
and  enough  good  heads  of  the  desired  type  are  selected  to  make  a 
bushel  or  more  of  seed.  This  is  thrashed  separately  and  sown  in  the 
ordinary  way  in  a  field  or  plat  of  good  fertility.  It  may  be  sown  in 
a  marked  portion  of  a  general  wheat  field.  At  harvest  time  the  best 
heads  are  picked  from  the  plat  sown  with  the  special  seed,  just  as 
they  were  picked  from  the  general  field  the  year  before,  and  these 
heads  are  handled  and  sown  as  were  those  selected  the  previous  year. 
The  remainder  of  the  plat  is  cut  and  thrashed  separately,  and  the 
grain  thus  obtained  is  used  as  seed  for  the  general  crop.  This  method 
of  selection  should  be  continued  year  after  year  as  a  means  of  pro- 
viding good  seed  of  uniform  type  for  the  general  wheat  crop  on  the 
farm. 

THE  GROUPING  OF  ADAPTED  VARIETIES   OF  WHEAT. 

The  wheats  recommended  in  this  bulletin  are  grouped  below  in  ac- 
cordance with  some  of  the  most  obvious  and  most  easily  determined 
characters.  The  terms  used  in  the  description  are  red,  white,  and 
amber — ^to  denote  the  color  of  the  wheat  kernels ;  bearded  and  beard- 
less— to  denote  the  presence  or  absence  of  beards  on  the  heads ;  white 
or  yellow  and  red  or  brown — to  denote  the  color  of  the  chaff  (no  at- 
tempt being  made  to  distinguish  white  from  yellow  or  red  from 
brown)  ;  and  velvet  and  smooth — to  denote  the  presence  or  absence 
of  hairs  or  velvet  covering  on  the  chaff.  The  following  classifica- 
tion is  made  according  to  the  descriptions  most  commonly  given  of 
the  different  varieties : 

(1)  Red  kernels,  beardless,  smooth  white  or  yellow  chaff. 

Hard  spring, — Fife  (Minnesota  No.  163),  Marquis. 

Soft  or  semihard  winter, — Alabama  Bluestem  (Alabama  Bluestem,  Alabama 
Red,  Georgia  Bluestem;  Georgia  Red,  and  Purple  Straw  are  apparently 
different  names  for  the  same  variety),  Alabama  Red,  Fultz  (Hickman 
and  Jersey  Fultz  are  other  names  for  this  variety),  Fultzo-Mediter- 
ranean  (known  also  as  Economy,  New  Columbia,  Squarehead,  and 
Four-Rowed  Fultz),  Georgia  Bluestem,  Georgia  Red,  Harvest  Queen 
(sometimes  known  as  Red  Cross),  Hickman,  Jersey  Fultz,  Leap 
Prolific,  Ontario  Wonder,  Prosperity  (other  names  are  American 
Bronze  and  Number  8),  Purple  Straw,  Red  May,*  Trumbull,  Zim- 
merman. 
— 

*  A  red  or  brown  chaffed  strain  is  also  grown. 
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(2)  Red  kernels,  beardless,  smooth  red  or  brown  chaff. 

Soft  or  semihard  winter, — Beechwood,  California  Red,  China  (known  also 
as  Pennsylvania  Blnestem),  Currell  Prolific,  Early  Red  Clawson,  Early 
Ripe,  German  Emperor,*  Grolden  Chaff,  Harvest  King,  Michigan  Awbet 
(Michigan  Amber,  Michigan  Wonder,  Early  Ripe,  and  one  strain  of 
Red  May  are  apparently  the  same  variety),  Michigan  Wonder,  Per- 
fection, Poole,  Portage,  Red  Prolific,  Red  Russian,  Red  Wave,  Rochest» 
Red,  Wheedling. 

(3)  Red  kernels,  beardless,  velvet  white  or  yellow  chaff. 

Hard   spring, — Bolton   Blnestem,    Haynes   Bluestem,   Minnesota    Na   109 

(selection  from  Haynes  Bluestem). 
Soft  or  semihard  winter. — Mealy,  Jones  Winter  Fife. 

(4)  Red  kernels,  beardless,  velvet  red  or  brown  chaff. 
Soft  or  semihard  winter, — St.  Louis  Grand  Prize. 

(5)  Red  kernels,  bearded,  smooth  white  or  yellow  chaff. 

Soft  or  semihard  winter. — Auburn  Red,  Bearded  Purple  Straw,  Budapest, 
Dletz  (or  Dletz  Longberry),  Egyptian  Amber,  Farmers  Friend,  Fol- 
caster,  Gladden,  Grains  o'  Gold,  Gipsy,  Ironclad,  Kansas  Mortgage 
Lifter,  Lebanon,  Mammoth  Red,  Marvelous,*  Nigger,  Red  Wonder.' 
Reliable,  Rudy,  Sibley  New  Golden,  Stoner,*  Turkish  Amber,  Valley, 
Winter  King. 

Hard  winter, — Belogllna,  Crimean,  Kanred,  Kharkof,  Malakof,  Turkey. 

Hard  sprinff, — Early  Java,  Preston  (known  also  as  Velvet  CJhaff  and  John- 
son). 

(6)  Red  kernels,  bearded,  smooth  red  or  brown  chaff. 

Soft  or  semihard  xointcr. — Blue  Ridge,  Dlehl  Mediterranean,  Farmers 
Trust,  Lancaster,  Mediterranean,  Missouri  Bluestem,  Red  Rock,  Shep- 
herd Perfection. 

(7)  Red  kernels,  bearded,  velvet  white  or  yellow  chaff. 

Soft  or  semihard  tcinter, — Rural  New  Yorker  No.  57,  Virginia. 

(8)  Red  kernels,  bearded,  velvet  red  or  brown  chaff. 
Soft  or  semihard  winter, — Velvet  C?haff. 

(9)  White  or  amber  kernels,  beardless,  smooth  white  or  yellow  chaflf. 
Soft  winter, — Early  Ontario,  Kentucky  Bluestem. 

(10)  White  or  amber  kernels,  beardless,  smooth  red  or  brown  chaff. 

Soft  tcinter. — American  Banner,  Early  Windsor,  Dawson  Golden  Chaff, 
Gold  Coin  (apparently  the  same  as  American  Banner,  Fortyfold, 
Klondike,  or  Number  6),  Plymouth  Rock. 

(11)  White  or  amber  kernels,  bearded,  smooth  white  or  yellow  chaff. 
Soft  winter, — Seneca  Chief. 

(12)  White  or  amber  kernels,  bearded,  smooth  red  or  brown  chaff. 
Soft  winter, — Early  Genesee  Giant,  Jones  Longberry  No.  1. 

(13)  White  or  amber  kernels,  bearded,  velvet  white  or  yellow  chaff. 
Soft  tcinter. — ^Bearded  Winter  Flfa 

8  A  white-chaffed  strain  Is  also  grown. 

•  See  footnote  on  page  8. 

^A  red-chaffed  strain  is  also  grovoL 
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HEALTHY  APPEARANCE  is  of  the  utmost  im- 
portance in  shade  trees,  and  no  agency  is  more 
potent  in  marring  the  appearance  of  these  trees  than 
are  insects.  A  defoliated  or  otherwise  bedraggled 
shade  tree  is  not  only  worse  than  none  at  all  but, 
when  a  result  of  insect  injury,  it  is  a  menace  to  the 
health  or  life  of  similar  trees  in  the  neighborhood. 

Practical  ways  of  controlling  most  of  the  injurious 
shade-tree  insects  are  known.  This  bulletin  dis- 
cusses the  more  important  insects  affecting  decidu- 
ous shade  trees  in  the  eastern  two-thirds  of  the 
United  States  with  the  exception  of  the  gipsy  moth 
and  the  brown-tail  moth  and  gives  the  remedies  for 
them.  The  gipsy  moth  and  brown-tail  moth  and  their 
control  are  considered  in  Farmers'  Bulletin  845. 
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INSECTS  INJURIOUS  TO  DECIDUOUS  SHADE 
TREES  AND  THEIR  CONTROL. 
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INTRODUCTORY. 

WHY  INSECT  INJURY  IS  PREVALENT  ON  SHADE  TREES. 

The  original  home  of  the  trees  we  plant  along  our  highways  and 
byways  is  the  forest.  There,  whatever  disadvantages  they  are  ex- 
posed to,  they  have  acquired  a  certain  degree  of  resistance  to  and 
immunity  from  insect  and  probably  other  normal  enemies.  Trans- 
planted to  our  streets,  parks,  or  home  grounds  they  are  relieved  of  the 
keen  competition  and  other  adverse  conditions  of  wild  forest  life  but 
lose  most  of  the  natural  advantages  of  their  customary  association — 
sun  and  shade,  moisture  and  humus — and  their  proper  growth  is 
hampered  besides,  especially  in  our  cities,  by  a  variety  of  unfavorable 
conditions.  Hard  packed  ground,  frequently  disturbed,  often  poi- 
soned with  oils  or  gases  or  charged  with  electric  current,  and  uncer- 
tain or  erratic  water  supply  handicap  the  roots,  while  constant  strug- 
gle with  thoughtless  or  reckless  man  and  greedy  beast,  limited  sun- 
shine, and  other  vicissitudes  above  ground  render  their  struggle  for 
existence  uphill  work  indeed.  Trees  so  hampered  lose  much  of  their 
native  power  of  resistance  and  are  thereby  rendered  inviting,  easy 
prey  to  a  variety  of  disintegrating  agencies  most  prominent  among 
which  are  insects.  This  is  promptly  reflected  in  their  appearance, 
which  is  a  prime  consideration  in  the  usefulness  of  shade  trees.  No 
kind  of  tree  or  any  part  of  it  is  wholly  immune  from  insect  pests. 
Indeed,  some  parts  of  trees  harbor  a  large  variety  of  them,  and  trees 
are  known  to  be  subject  to  more  or  less  severe  attack  by  hundreds  of 
kinds  of  insects.    In  a  world  thus  swarming  with  these  creatures, 
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intent  on  sharing  in  practically  every  one  of  his  enterprises,  it  is 
inevitable  that  man  should  have  to  contest  every  foot  of  his  ground, 
especially  when  he  adapts  nature  to  his  needs,  convenience,  or  comfort 

EXTENT  OF  INSECT  INJURY  TO  SHADE  TREES. 

As  the  growing  season  advances  all  shade  trees  apparently  other- 
wise perfectly  healthy  will  be  found  on  more  or  less  close  inspection 
to  show  cumulative  signs  of  insect  injury,  particularly  in  their 
foliage.  This  is  inevitable  when  we  consider  the  great  variety  of 
plant-eating  insects  they  harbor.  In  most  cases  the  injury  is  too 
insignificant  for  treatment.  But  from  this  point  on  the  other 
extreme  is  not  infrequent,  when,  as  a  result  of  abnormal  increase 
of  some  insect  species,  the  injury  may  be  so  severe  as  to  menace  the 
very  life  of  its  favorite  host  tree.  Indeed,  instances  on  record  are 
not  uncommon  in  which  entire  rows  of  certain  trees  and  most  trees 
of  a  given  kind  in  communities  and  regions  have  been  killed  by 
insect  pests  within  a  few  seasons.  Certain  trees  are  more  subject  to 
attack  and  injury  and  by  a  greater  variety  of  the  seriously  injurious 
insects  than  others,  so  that,  as  a  result  of  a  process  of  selection,  such 
trees  are  either  no  longer  planted  or  sparingly,  especially  where 
their  serious  insect  enemies  are  dominant.  On  the  other  hand,  some  of 
the  injurious  shade-tree  insects,  like  the  white-marked  tussock  moth, 
are  almost  omnivorous,  so  that  practically  no  deciduous  shade  tree  is 
immune  to  their  attack  and  very  severe  defoliation. 

PRIMARY  AND  SECONDARY  INSECT  INJURY. 

Insects  injurious  to  shade  trees  may  be  roughly  grouped  in  ac- 
cordance with  the  condition  of  health  of  the  tree  they  normally 
attack.  Certain  species — and  this  is  especially  true  of  leaf-chewing 
insects — show  a  decided  preference  for  perfectly  healthy  trees. 
Others — and  this  is  the  case  with  most  wood  and  bark  boring  in- 
sects— can  inhabit  trees  only  when  the  health  of  these  has  been 
previously  impaired,  whatever  the  agency  responsible  for  this.  These 
more  or  less  distinctive  groups  of  insects  are  designated  as  primary 
and  secondary^  respectively.  From  the  viewpoint  of  control  it  is  as 
important  to  know  to  which  of  these  an  insect  found  on  a  tree 
belongs  as  it  is  to  know  whether  it  is  injurious,  beneficial,  or  indif- 
ferent. It  is  wasted  effort  to  proceed  against  an  insect,  even  if  found 
injurious,  if  its  presence  is  conditioned  by  previous  or  primary  injury 
or  death  of  the  tree.  It  is  the  cause  of  this  primary  injury  that  must 
be  discovered  and  dealt  with.  On  the  other  hand,  there  are  still  a 
number  of  insect  species  that  are  primary  under  some  conditions  and 
secondary  under  others,  so  that  they  can  not  be  definitely  assigned 
to  either  group. 
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GENERAL  LIFE  OF  INSECTS. 

Like  other  living  objects,  the  insects  we  encounter  are  the  offspring 
of  parents  that  preceded  them — males  and  females  in  most  cases. 
Between  the  tiine  of  hatching  from  the  eggs  and  maturity  the  grow- 
ing insects  molt,  or  cast  off  their  skins,  three  or  more  times.  In  some 
forms,  as  in  the  aphids  and  bugs  generally,  these  immature  stages 
differ  little  from  the  adults.  In  others,  as  in  the  beetles,  moths,  etc., 
the  immature  insects,  or  larva  stages,  as  they  are  called,  differ  radi- 
cally in  appearance  from  the  adults,  and  there  is,  besides  the  egg^ 
another  nonfeeding  stage  or  form,  known  in  moths  and  butterflies  as 
the  chrysalis  and  in  all  of  them  as  the  pupa.  The  pupa  or  chrysalis 
stage  immediately  precedes  that  of  the  adult.  The  larva  of  the  moth 
or  butterfly  is  generally  known  as  a  caterpillar^  that  of  the  beetle  as 
a  grub^  that  of  the  fly  with  two  clear  wings  as  a  muggot^  and  that  of 
the  fly  with  four  clear  wings  as  a  grah^  slug^  or  false  caterpillar. 
These  forms  generally  differ  sufficiently  among  themselves  for  fairly 
ready  assignment  to  the  proper  group.  Any  one  of  them,  except  the 
egg  and  pupa,  may  be  the  injurious  form  or  the  one  in  which  the 
given  insect  is  most  advantageously  fought;  the  two— the  injuring 
form  and  the  one  treated — not  necessarily  always  being  the  same. 
Intelligent  control  of  insect  injjury,  therefore,  involves  at  least  a  gen- 
eral knowledge  of  the  habits  of  insects.  Among  these  none  is  more 
important  than  the  feeding  habit,  since  this  determines  largely  the 
control  measures  to  be  adopted. 

MANNER  OP  INJURY  AND  PARTS  OF  TREE  AFFECTED. 

In  the  great  majority  of  cases  the  mouth  of  the  injurious  form  of 
the  insect  is  adapted  for  feeding  either  by  sucking  the  sap  of  the 
plant  (plant-lice  or  aphids,  scale  insects,  etc.)  or  by  biting  off  bits 
of  the  leaf,  bark,  or  wood  (caterpillars,  slugs,  beetles  and  their 
grubs,  etc.).  The  work  of  the  biting  insects  usually  can  not  be 
mistaken  and,  in  the  case  of  those  feeding  on  the  outside  of  the  host, 
is  often  a  guide  to  the  remedy,  even  when  the  insect  is  not  caught  in 
the  act  of  eating.  The  sap-sucking  insect,  on  the  other  hand,  must 
be  discovered  and  its  identity  or  at  least  the  group  or  family  to  which 
it  belongs  ascertained  before  the  most  suitable  remedy  can  be  deter- 
mined. 

Injury  by  either  group  of  insects  is  manifested  in  many  different 
ways.  Thus,  the  fine  rootlets  may  be  eaten  up  and  the  larger  roots 
barked  or  bored ;  the  trunk  and  larger  branches  may  be  tunneled  or 
their  sap  sucked ;  the  twigs  may  be  deformed  or  cut  off ;  the  buds  and 
leaves  may  be  deformed ;  the  leaves  may  have  pieces  bitten  out  of  them 
or  they  may  be  skeletonized  or  mined.  Some  kinds  of  insects  make 
their  home  and  feed  on  a  large  variety  of  plants ;  many  other  kinds, 
however,  utilize  only  one  part  of  one  kind  of  plant  for  sustenance. 
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NATURAL  CONTROL  OF  SHADE-TREE  INSECTS. 

One  of  the  forces  which  affects  insects  adversely  or  otherwise  is 
the  weather,  this  depending  upon  w^iether  it  favors  the  host  tree  or 

.  the  insect.     Directly  en^ged  in 
checking  undue  multiplication  of 
any    given    insect    are    parasitic 
plants  (fungi  and  bacteria),  birds 
and    other    vertebrates,    spiders, 
mites,    and    insects.      The    insect 
enemies  of  insects  are  usually  the 
most    powerful    and    effective 
agency  in  the  reduction  of  a  nox- 
ious insect.    All  stages  of  an  in- 
<  sect,  from  egg  to  adult,  are  subject 
to  their  attack    These  insect  ene- 
mies operate  in  two  ways,  accord- 
ing   to    their    build    and    habit. 
Some  of  them  are  predacious,  in 
that  they  seize  their  prey  and  eat 
it  either  by  sucking  it  dry  or  by 
devouring  it  bodily   (fig.  1). 
Ladybirds    are    among    our    best 
friends  among  predacious  insects. 
Plant-lice  or  aphids  particularly, 
but  also  scale  bugs  and  other  soft- 
bodied  insects,  are  to  their  liking. 
Their    active   young   as   well   as 
adults  feed  on  these  insects.     Lace-wing  flies,  numerous  bugs,  and 
certain  mites  and  spiders  are  among  the  other  recognized  predacious 
insects    man    has 
learned    to    regard 
with  favor  for  their 
active  feeding  on 
injurious  insects. 
The  other  group  is 
know^n  as  parasitic 
insects   (figs.  2,  3). 
These    are    by    far 
the  most  numerous 
in   variety.      By 
special    adaptations 
some  of  them  are  capable  of  prodigious  multiplication  and  their  pres- 
ence has  again  and  again  been  found  to  have  saved  plants  from  de- 
struction in  situations  where  man,  left  to  his  own  devices,  was  helpless. 


Fio,  1. — Caterpillar  of  gipsy  moth  {Por- 
ihctria  dit<par)  attncked  by  tho  Calo- 
soma  beetle,  Calosoma  si/cophanta. 
(Burgess  and   Collins.) 


Fig.  2. — Sphinx  caterpillar  bearing  cocoons  of  Kmall.  four 
winged  waspllke  parasite.     (Qualntance  and  Siegier.) 
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The  work  of  these  beneficial  insects  brings  it  about  that  no  native 
insect  is  ever  present  in  destructive  numbers  for  longer  than  a  year  or 
two,  being  by  the  end  of  that  period  greatly  outnumbered  by  its  ene- 
mies and  rendered  practically  harmless.  This  is  particularly  notice- 
able in  insects  feeding  on  leaves  and  on  the  outside  of  the  plant  gen- 
erally. This  is  true  of  all  native  insects,  but  not  of  those  that  have 
reached  our  shores  from  abroad.  In  the  great  majority  of  cases 
these  were  not  accompanied  by  their  home  enemies,  and  this  accounts 
for  their  uninterrupted  destructiveness  during  long  periods  of  time, 
generally  until  our  native  insect  parasites  and  predators  develop  a 
taste  for  them,  or  until  their  more  effective  home  enemies  have  been 
discovered,  imported,  and  established  in  their  new  home,  or  until 
these  have  reached  us  as  accidentally  as 
did  their  hosts. 

PREVENTION   OF  INFESTATION. 

Many  shade-tree  pests  are  likely  to 
reach  the  community  by  way  of  the 
nursery  stock.  It  is  imperative,  there- 
fore, to  insist  that  young  trees  be 
thoroughly .  cleansed  before  they  are 
taken  from  the  nursery  and  certainly 
before  they  are  planted.  Inspection 
alone,  however,  can  not  always  be  de- 
pended upon,  for  some  insect  pests  are 
very  minute  and  are  apt  to  hide  be- 

yond  reach  of  eye  or  lens.  Fumigation  ^-  «raef  oTe^^ylJlg  o^^rn 
with  hydrocyanic-acid  gas  is  at  present  of  appie-tree  te^t  caterpillar. 
in  general  practice  in  nurseries  and  is  Enlarged.  (Fisue.) 
the  most  reliable  means  of  freeing  stock  from  infestation.  If  a  tree 
is  clean  and  uninfested  at  the  start,  it  has  stored  up  vitality  which 
will  enable  it  more  successfully  to  resist  subsequent  attacks. 

CONTROL,  PART  OF  ROUTINE. 

Just  as  the  potato  grower  in  sections  of  the  country  invaded  by  the 
Colorado  potato  beetle  considers  spraying  a  regular,  essential  part  of 
successful  potato  culture,  so  the  municipality  must  learn  to  regard 
regular,  periodic  inspection  of  trees  for  evidence  of  insect  injury,  and 
treatment  for  it,  as  necessary  to  the  proper  care  of  its  shade  trees. 
The  enlightened,  efficient  tree  warden,  after  a  little  e:xperience,  sys- 
tematizes this  work  and  dovetails  it  in  with  his  other  duties  in  such 
a  way  as  to  utilize  the  labor  at  his  command  to  best  advantage  with- 
out neglecting  other  important  work.    Thus,  careful  examination 
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of  the  trees  while  they  are  being  trimmed,  to  ascertain  the  presence 
or  absence  of  their  customary  insect  enemies  and  their  abundance 
or  scarcity,  is  good  practice  and  should  lead  to  discovery  of  many 
of  the  insects  that  are,  or  in  course  of  the  following  summer  will  be, 
giving  trouble.  Especially  is  this  true  when  the  warden  and  his 
help  are  familiar  with  the  principal  types  of  shade-tree  insects  and 
their  more  important  habits  and  forms. 

TREE  "  DOCTORS  **  OR  SURGEONS. 

The  work  of  the  experts  on  tree  pests  in  the  State'  and  Federal 
Government  services  is  limited  to  the  study  of  the  causative  organ- 
isms, the  discovery  and  determination  of  practical  methods  of  con- 
trolling them,  and  the  publication  of  these  for  general  information. 
The  actual  work  of  controlling  the  pest  is  thus  left  to  the  individual 
or  community,  and  the  limited  knowledge  of  the  causes  of  tree 
troubles  possessed  by  the  general  public  and  the  frequent  necessity 
of  using  rather  costly  spraying  outfits  for  the  control  of  insects  and 
diseases  has  created  a  call  for  the  private  enterprise  of  experts.  This 
requires  a  knowledge  on  the  part  of  the  expert  of  the  fundamental 
facts  of  economic  entomology  and  particularly  of  the  more  common 
injurious  insects  to  be  encountered  on  the  trees  and  the  remedies  for 
them  as  established  by  the  experts  in  the  Government  service.  His 
knowledge  must,  of  course,  be  coupled  with  integrity,  and  he  must 
be  equipped  with  adequate  spraying  and  other  outfits. 

THE   CITY    OR   COMMUNITY   ENTOMOLOGIST. 

The  extension  of  tree,  shrubbery,  flower,  and  vegetable  planting  in 
and  around  cities,  both  in  private  yards  and  along  highways,  with  the 
attendant  insect  problems  on  the  one  hand  and  the  numerous  health 
and  sanitation  questions  in  which  household  and  other  insects  enter 
as  a  vital  link  in  the  transmission  of  disease,  point  to  the  advisability  * 
for  such  communities  of  engaging  specialists — entomologists  they  are 
called — ^to  look  after  their  individual  and  collective  insect  problems. 
The  services  of  such  specialists  would  more  than  pay  for  the  outlay 
in  the  improved  health  of  the  citizens  and  their  surroundings,  and 
especially  in  the  prevention  of  insect-borne  epidemics,  like  malaria, 
typhoid  fever,  etc.,  as  well  as  defoliation  and  other  destruction  of 
plant  life. 

STATE  AND   FEDERAL  GOVERNMENT  HELP. 

Every  State  and  Territory  in  the  Union  maintains  a  staff  of  com- 
petent entomologists  glad  to  assist  every  citizen  in  t^e  struggle  with 
insects.  The  Federal  Government  does  likewise.  All  inquiries  on 
insects  receive  ready,  intelligent,  scientific  attention  at  the  hands  of 
these  officers,  and  the  information  furnished  is  as  complete  and  aoca- 
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rate  as  can  be  given,  llie  labors  of  these  specialists  are  greatly  sim- 
plified, however,  and  the  answers  can  be  more  direct  and  prompt  if 
inquiries  are  accompanied  by  specimens  of  the  insect,  its  work,  or 
both,  and  a  description  of  the  extent  of  the  injury  and  other  pertinent 
information.  These  officials  are  glad  to  receive  specimens  and  in- 
formation, as  it  often  adds  to  the  knowledge  of  the  distribution  of  the 
insects,  their  habits,  etc  A  note  on  the  results  of  treatment  is  also 
always  welcome. 

DIRECTIONS   FOR   PACKING  AND   SHIPMENT    OF   SPECIMENS    OF 
INSECTS  AND  THEIR  WORK. 

To  receive  specific  information  on  insects,  insect  injury,  and  reme- 
dies promptly — 

(1)  Address  inquiries  and  specimens  to  the  State  entomologist  of 
your  State  or  to  the  Bureau  of  Entomology,  United  States  Depart- 
ment of  Agriculture,  Washington,  D.  C.  This  bureau  is  the  only 
organization  in  the  Federal  Government  service  that  is  charged  with 
the  study  of  insecf  problems,  so  that  correspondence  on  such  matters 
must  reach  this  bureau  before  it  can  be  given  proper  attention.  Ad- 
dressing communications  to  any  other  office  only  delays  matters. 

(2)  The  name  and  address  of  the  writer  should  appear  plainly  on 
wrappers.  Specimens  of  live  insects  and  their  work^  preferably 
fresh,  should  accompany  inquiries  and  should  be  packed  about  as 
follows :  {a)  Wood  and  hark  borers  are  best  left  in  their  burrows  and 
the  wood  or  bark  containing  them  cut  into  convenient  sections,  tied, 
and  wrapped  in  two  thicknesses  of  stout  paper;  (6)  leaf -eating  insects 
(separated  by  kind,  if  more  than  one,  to  prevent  cannibalism),  in 
tight  wooden  or  tin  containers  or  mailing  tubes  manufactured  for  the 
purpose,  stocked  with  their  favorite  food  (holes  are  unnecessary) ; 
{c)  underground  insects^  in  earth;  {d)  scale  insects^  attached  to  the 
bark  or  leaf;  {e)  leaves  and  other  smaU  specimens  showing  insect 
work  inclosed  with  letters. 

When  more  than  one  kind  is  sent,  each  should  be  accurately  labeled 
with  locality,  name  of  sender,  and  a  number  or  letter  for  ready  asso- 
ciation with  corresponding  marks  in  letter  or  note  and  with  one 
another.  Labels  for  insertion  with  alcoholic  specimens  should  be 
written  with  soft  pencil.  Tight,  stout  containers,  properly  wrapped, 
addressed,  and  tied,  prevent  escapes,  breakage,  and  loss  in  transit. 
Tags  must  be  securely  fastened  to  packages. 

(3)  Notes. — It  is  very  important  that  specimens  be  accompanied 
by  information  giving  as  accurately  as  possible  {a)  name  of  host  tree 
and  part  attacked,  (6)  locality,  (c)  date  of  collection,  (d)  character 
and  extent  of  injury,  (e)  facilities  for  disposal  of  infested  timber,  and 
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(/)  any  other  information  that  may  help  in  identifying  the  insect 
and  determining  the  proper  remedy  or  control  measure  suitable  to  the 
condition  of  the  correspondent.  Notes  should  readily  correspond  to 
labels  on  specimens,  and  may  be  separate  or  embodied  in  the  letter. 

(4)  Shipping  specimens. — Packages  not  exceeding  4  pounds  in 
weight  are  most  conveniently  and  cheaply  sent  by  parcels  post.  Bulky 
packages  may  be  sent  by  freight;  fragile,  by  express.  They  must 
always  be  sent  prepaid  unless  btherwise  authorized. 

THE  PRINCIPLES   OF   SHADE-TREE   INSECT   CONTROL. 

As  elsewhere  stated,  the  feeding  habit  of  the  insect  that  is  doing 
the  injury  is  the  main  factor  in  determining  the  kind  of  remedy  to 
be  applied.  This  is  particularly  true  of  the  insects  that  feed  in  the 
open,  i.  e.,  above  ground  and  on  the  outside  of  the  plant.  In  most 
such  instances  the  principle  is  very  simple :  We  poison  the  food  of  the 
insect  that  bites  its  food  before  swallowing  it  and  kill  the  sap-sucking 
insect  with  external  applications — contaet  insecticides  as  they  are 
called — which  are  usually  caustic  or  oily  liquids.  In  a  great  many 
cases,  however,  and  especially  in  insects  that  live  in  the  interior  of 
the  plant  tissue,  like  leaf-miners,  gall-makers,  borers,  and  under- 
ground workers,  be  they  biting  or  sucking  insects,  our  method  of 
attacking  them  must  necessarily  be  different.  A  vital  principle  of 
successful  insect  control  is  wholesale  destruction  of  them.  In  emer- 
gencies, however,  and  especially  where  a  single  insect  is  capable  of 
doing  serious  harm,  we  do  not  hesitate  to  undertake  their  destruction 
singly,  as  in  the  case  of  root  or  stem  borers.  Again,  we  often  find 
through  a  knowledge  of  their  habits  that  some  biting  insects,  for 
instance,  are  more  cheaply  and  effectively  fought  in  some  other  stage 
of  their  lives  than  in  that  in  which  they  feed ;  for  example,  the  de- 
struction of  the  white-marked  tussock  moth  in  the  egg  stage. 

It  is  evident  from  what  has  been  stated  above  that  in  spraying 
promptness  and  thoroughness  are  vital  elements.  The  earlier  in  its 
life  the  insect  is  killed  the  more  quickly  it  is  killed  and  the  less  harm 
it  will  have  done ;  the  more  completely  the  foliage  is  covered  with 
spray  the  more  certain  is  the  early  killing  of  the  insects  and  the  more 
of  them  will  be  killed.  Likewise,  with  the  sap-sucking  insects  the 
more  thorough  the  application  the  greater  the  nmnber  of  the  insects 
that  will  be  hit  and  killed.  Thoroughness  means  the  complete  cover- 
ing of  the  insecfs  food  in  one  case  and  of  aU  of  the  insects  w  the 
other. 

TREE  INJECTIONS:    WORTHLESS   OR  WORSE. 

A  word  on  the  subject  of  tree  injections  is  imperative.  Perhaps  in 
no  other  respect  are  unsophisticated  tree  owners  more  imposed  upon 
than  in  the  matter  of  injection  of  various  cure-all  preparations  under 
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the  bark.  Suffice  it  to  say  here  that  stcch  treatjnents  are  entirely 
without  merit  in  controlling  insects  and  often  are  decidedly  injurious 
to  the  trees  treated. 

THE  STOMACH-POISON  SPRAYS. 

The  standard  poisons  used  at  present  for  killing  chewing  insects 
are  arsenate  of  lead  and  arsenate  of  lime  {calcium  arsenate).  Both 
are  procurable  in  the.  market,  usually  in  seed  stores,  and  come  in 
either  paste  or  powder  form.  The  powder  form  is  preferable  for  a 
number  of  reasons.  While  these  poisons  may  be  prepared  at  home, 
it  is  usually  more  convenient  to  buy  the  prepared  article,  which  only 
needs  to  be  stirred  into  water  or  Bordeaux  miidiure  before  being  used. 
The  directions  for  dilution  are  usually  given  on  the  containers.  The 
amounts  to  be  used  in  small  quantities  are  given  in  Table  I,  page  30. 

Other  poisonous  substances  are  used  occasionally,  while  some,  like 
Paris  green,  were  used  extensively,  almost  exclusively,  until  super- 
seded by  arsenate  of  lead  and  arsenate  of  lime.  The  lower  cost  and 
greater  fineness  and  adhesiveness  of  the  last  two  make  their  use  most 
general  now. 

Being  violent  poisons^  these  substances  should  he  stored  and  handled 
with  due  caution^  especially  as  regards  live  stock  and  children. 

THE  CONTACT  SPRAYS. 

As  elsewhere  stated,  contact  sprays  are  used  to.  kill  sap-sucking 
insects,  like  scale  bugs,  aphids  or  plant-lice,  etc.  Death  is  produced 
by  the  coating  and  clogging  of  their  breathing  pores,  by  affecting 
the  nervous  system,  or  by  caustic  action  on  the  tissue  of  the  insect, 
or  by  combinations  of  these.  Lime  and  sulphur  compounds,  soaps, 
petroleum  oils,  and  tobacco  extracts  are  the  active  agents  in  these 
preparations. 

Lime-svlphfwr^  mAscible  oil,  kerosene  envuZsion^  and  40  per  cent  nico- 
tine sulphate  are  contact  sprays.  With  the  exception  of  kerosene 
emulsion,  which  must  be  prepared  at  home,  all  of  them  are  procurable 
conmiercially,  where  each  is  sold  under  a  variety  of  proprietary 
names.  All  that  they  require  to  be  made  ready  for  application  is  to  be 
stirred  into  water,  with  the  addition  of  a  little  soap  in  the  case  of  the 
nicotine.  Directions  for  dilution  are  usually  printed  on  containers 
and  should  be  followed  carefully.  For  small  quantities  see  Table  I, 
page  30 

LIME-SULPHUR. 

Lime-sulphur,  as  an  insecticide,  is  used  almost  exclusively  against 
the  so-called  armored  scale  insects,  like  the  San  Jose  and  oyster-shell 
scales,  and  principally  as  a  dormant  or  early  spring  spray.    It  is  the 
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cheapest  of  the  scale-killing  sprays,  but  unfortunately  it  discolan 
paints  and,  as  most  shade  trees  are  located  in  greater  or  less  proximity 
to  buildings,  its  use  is  limited  to  trees  not  so  located  and  to  nursery 
stock.  Wherever  practicable  to  apply  it  with  a  paint  brush,  its 
cheapness  may  offset  the  labor  cost.  The  concentrated  preparation  as 
bought  should  have  a  density  of  about  33^  on  the  Baum£  scale.  At 
this  strength  it  should  be  used  at  the  rate  of  1  pint  in  each  galloa 
of  spray.     See  Table  I,  page  30. 

MISCIBLE   OR   WATER-SOLUBLE   OILS. 

In  shade-tree  work  the  miscible  oils  are  used  especially  against 
scale  insects  and  are  the  only  ready-prepared  substances  available  on 
the  market  that  will  effectively  control  all  kinds  of  scales  as  does 
kerosene  emulsion.  These  preparations  come  under  a  variety  of  pro- 
prietary names  and  vary  somewhat  in  strength,  so  that  directions  for 
dilution  as  given  on  the  containers  must  be  followed  carefully.  The 
miscible  oils  are  primarily  winter  sprays,  being  used  at  this  season  on 
account  of  the  absence  of  foliage,  which  they  are  apt  to  injure.  Since 
they  are  used  principally  in  the  control  of  scale  insects,  their  appli- 
cation while  the  plants  are  dormant  is  most  satisfactory  anyway, 
because,  in  the  absence  of  foliage,  the  insects  are  more  easily  reached, 
the  covering  with  spray  can  be  more  complete,  less  spray  solution  is 
required,  and  the  spray  can  be  more  safely  applied  at  greater  strengths, 
thereby  killing  the  insects  with  greater  certainty. 

CREOSOTE  OIL. 

Creosote  haa  been  found  very  useful  in  daubing  tussock-moth  eggs. 
It  is  apt  to  thicken  in  cold  weather  and  is  then  thinned  with  turpen- 
tine. 

KEROSENE. 

Kerosene  is  also  useful  on  a  mop  at  the  end  of  a  pole  for  daubing 
tent  caterpillars  and  webworms  or  tussock-moth  eggs,  or,  with  proper 
caution,  the  kerosene  on  the  mop  may  be  lit  and  used  as  a  torch  to 
burn  out  the  caterpillars  in  the  tent  or  web. 

KEROSENE   EMULSION. 

Kerosene  emulsion  is  a  standard  contact  spray,  composed  of  kero- 
sene, soap,  and  water  in  certain  proportions.  By  varying  the  pro- 
portion of  water,  this  spray  can  be  used  both  summer  and  winter 
against  scales  and  soft-bodied  insects.  The  emulsion,  as  the  concen- 
trated mixture  is  called,  is  likely  to  deteriorate  in  storage,  by  break- 
ing up  into  the  kerosene  and  soap  solution  from  which  it  was  made. 
For  ^^  homemade  "  emulsion  the  best  procedure  is  to  prepare  a  stock 
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mixture  first  and  then  dilute  it  as  needed.    This  stock  mixture  may 
be  made  up  in  quantities,  and  if  properly  prepared  it  should  keep 
for  some  time. 
Kerosene-emulsion  stock  is  most  conveniently  prepared  as  follows : 

Kerosene gallons.-      2 

Fish  oil  or  laundry  soap  (or  soft  soap,  1  quart) pound.-      i 

Water gallon>_      1 

Put  the  water  and  soap  into  a  wash  boiler  or  similar  vessel  and 
heat  until  the  water  boils  and  the  soap  is  dissolved ;  remove  from  the 
fire,  add  the  kerosene,  and  stir  vigorously  for  about  five  minutes 
until  the  mixture  is  creamlike  in  consistency.  A  convenient  way  to 
make  the  mixture  thorough  is  to  pour  the  soap  solution  and  kerosene 
into  the  tank  of  the  spray  pump  and,  through  the  nozzle,  to  pump 
the  mixture  back  into  the  tank  for  several  minutes.    * 

For  spraying,  this  stock  mixture  is  diluted  with  water,  which  is 
best  done  at  the  time  and  in  quantities  needed.  For  summer  spraying, 
on  trees  in  foliage,  add  5|  gallons  of  water  to  each  gallon  of  the  stock 
preparation.  For  winter  use,  on  dormant  trees,  IJ  to  2^  gallons  of 
water  are  added  to  each  gallon  of  the  stock.  For  smaller  quantities 
see  Table  I,  p.  30. 

POISONED   CONTACT  SPRAY. 

In  this  preparation  the  contact  solution  is  used  as  a  conveyer  of 
the  poison  in  situations  where  the  ordinary  water  solution  of  the 
poison  could  not  penetrate.  It  was  specially  devised  to  reach  and 
kill  borers  while  they  are  still  feeding  in  the  bark,  and  is  prepared 
as  follows: 

In  each  gallon  of  water  used  for  diluting  the  contact  preparation, 
be  it  kerosene  emulsion  or  water-soluble  oil,  dissolve  1  ounce  of  sodium 
arsenite,  before  making  the  mixture.  Sodium  arsenite  is  readily 
soluble  in  water  and  is  procurable  in  drug  stores.  The  crude  or 
ecmunercial  product,  which  is  cheaper,  will  answer  the  purpose.  This 
preparation  is  injurious  to  foliage,  which  should  be  borne  in  mind 
when  applications  are  made  with  it. 

NICOTINE  SULPHATE. 

Nicotine  sulphate  is  a  specific  remedy  for  aphids  or  plant-lice,  but 
other  soft-bodied  insects  can  also  be  killed  with  it.  It  is  a  liquid  extract 
of  tobacco  procurable  in  a  variety  of  stores  under  a  variety  of  trade 
names  and  varying  in  strength.  The  preparation  is  merely  diluted 
with  water  before  use,  and  the  proportions  are  usually  given  on  con- 
tainers. The  40  per  cent  nicotine  sulphate  is  the  most  commonly 
available ;  although  when  properly  diluted,  any  strength  of  the  stock 
preparation  will  answer.  It  is  necessary  to  add  1  ounce  of  soap  to 
each  gallon  of  the  spray  to  insure  its  spread  and  adhesion. 
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CARBON  DISULPHID. 

Carbon  disulphid  is  a  heavy,  ill-smelling  liquid,  procurable  in 
drug,  seed,  and  other  stores.  It  evaporates  readily  at  the  normal 
temperature,  and  as  its  vapor  is  heavier  than  air,  it  sinks.  It  is 
highly  irvflam/mahle  and  has  a  poisoning  effect  when  inhaled  freely^  so 
that  caution  in  handling  it  is  necessary. 

In  shade-tree  work  it  is  used  for  killing  borers,  being  injected  by 
means  of  an  oil  or  other  squirt  can  or  dropper  into  the  borer  open- 
ing, the  hole  being  promptly  plugged  with  putty,  grafting  wax,  or 
similar  substance.  In  similar  manner  it  may  be  used  against  car- 
penter ants. 

FISH-OIL  OR  LAUNDRY  SOAP. 

Fish-oil  soap,  sometimes  known  as  "  whale-oil ''  soap,  is  procurable 
commercially  and  is  an  eflFective  insecticide  for  such  insects  as  aphids, 
scale  bugs,  and  other  sap-sucking  kinds.  Common  lauadry  soap  may 
also  be  used  for  this  purpose.  For  summer  spraying,  dissolve  1 
pound  of  the  soap  in  3  to  4  gallons  of  water.  For  winter  spraying  on 
scale  insects,  dissolve  2  pounds  of  the  soap  in  each  gallon  of  water 
over  the  fire  and  apply  the  spray  before  the  solution  is  cold  and  con- 
geals, which  it  is  apt  to  do  in  this  concentration. 

Soap  has  other  uses  in  the  treatment  of  trees.  Thus,  with  nicotine 
solutions  it  is  used  as  a  "  spreader  "  or  adhesive  (see  p.  13).  In  con- 
nection with  injections  of  carbon  disulphid  it  may  be  used  to  plug 
the  treated  holes  to  prevent  loss  of  the  fumes. 

TREATMENT  OF  TREE  WOUNDS.^ 

Tree  wounds  due  to  removal  of  large  limbs,  or  to  injury  from  any 
cause,  as  by  rabbits,  field  mice,  horses,  vehicles,  etc.,  around  the  base 
of  trees,  should  be  promptly  disinfected  and  treated  with  a  water- 
proof covering.  An  exposed  surface  is  subject  to  attack  by  fungi 
and  invasion  by  wood-boring  insects  unless  properly  cared  for.  'WTien 
a  limb  is  cut  off,  the  edge  of  the  bark  and  the  cambium  should  be 
coated  with  shellac  as  soon  as  the  surface  is  sufficiently  dry  to  permit 
it  to  stick,  otherwise  the  value  of  the  shellac  is  practically  lost.  The 
wound  is  then  ready  to  be  treated  with  a  disinfectant,  such  as  com- 
mon creosote,  which  will  penetrate  and  sterilize  the  wood.  This  may 
be  applied  with  a  small  brush.  After  creosoting,  the  wood  should  be 
protected  from  moisture  by  means  of  a  heavy  coat  of  coal  tar.  In- 
stead of  using  the  materials  separately,  they  may  be  combined  in  a 
mixture  containing  about  one-third  creosote  and  two-thirds  coal  tar. 
One  coat  of  the  mixed  materials  may  be  sufficient,  but  if  not,  a  heavy 
application  of  the  coal  tar  should  be  used,  and  the  surface  recoated 


1  Adapted  from  Farmers*  Bulletin  908. 
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whenever  it  is  found  cracking  or  breaking  away  from  the  wound.  A 
pure  white-lead  and  linseed-oil  paint  is  sometimes  employed  for  tree 
wounds,  and,  while  not  as  satisfactory  as  the  coal-tar-creosote  paint, 
it  is  a  good  deal  better  than  nothing.  Ordinary  grafting  wax  will 
give  good  results  for  small  surfaces. 

FILLING  TREE  CAVITIES.^ 

Decayed  scars  and  cavities  in  the  trunk  or  limbs  are  frequently 
infested  with  wood-boring  larvee  or  are  the  retreat  of  different  species 
of  ants.  Such  cavities  are  objectionable,  for  not  only  do  they  favor 
gradual  decay  and  weakening  of  the  trees,  but  they  afford  an  ei- 
cellent  winter  harbor  for  certain  injurious  insects.  As  noted  else- 
where (p.  16) ,  cavities  in  the  trunk  usually  are  the  result  of  improper 
pruning  and  neglect  to  care  for  wounds  from  other  causes.  Such 
cavities  may  be  filled  with  cement  and  the  condition  of  the  trees 
materially  improved. 

The  first  operation  is  to  remove  all  of  the  decayed  wood,  and  this 
can  be  done  by  means  of  a  gouge,  chisel,  mallet,  and  knife.  In  cut- 
ting around  the  edge  of  the  cavity  nothing  but  very  sharp  tools 
should  be  employed,  as  dull  instruments  will  injure  the  cambium. 
As  soon  as  the  cambium  has  been  cut  to  a  proper  distance  it  should 
be  covered  with  a  coat  of  shellac.  After  the  cavity  has  been 
thoroughly  cleaned  out  it  should  be  treated  with  creosote  and  coal 
tar,  as  described  under  the  preceding  heading,  and  it  is  then  ready 
to  receive  the  permanent  filling.' 

PRUNING  AS  RELATED  TO  INSECT  INJURY/ 

Certain  twigs  and  branches,  when  heavily  infested  with  or  in- 
jured by  insects,  frequently  can  be  removed  to  best  advantage  in  the 
course  of  pruning  operations.  Also,  in  the  work  of  pruning,  thought 
should  always  be  given  to  maintaining  the  shape  of  the  trees  to 
facilitate  the  application  of  sprays. 

In  case  of  severe  insect  injury,  large  trees  may  sometimes  be 
severely  cut  back  or  "  dehorned "  to  advantage.  With  old  trees, 
however,  too  much  wood  should  not  be  removed  at  one  time,  and  the 
dehorning  process  should  be  extended  over  two  or  three  years.  Small 
limbs  and  twigs  incrusted  with  scale  insects  or  punctured  by  the 
periodical  cicada,  or  tree-hoppers,  etc.,  usually  may  be  removed  to 
advantage.  Pruning  should  be  done  preferably  before  the  ap- 
plication of  dormant  tree  sprays,  since  it  is  a  waste  to  use  spray 
materials  on  limbs  and  branches  that  are  to  be  removed  later. 

'Adapted  from  Farmers'  Bulletin  908. 

•  For  full  loformation  on  this  subject,  see  "  Tree  Surgery  "  by  J.  F.  Collins.  Fanners' 
BaUetin  1178.  U.  S.  Department  of  Agriculture. 

*■  Adapted  from  Farmers'  Bulletin  908.  The  general  subject  of  pruning  shade  trees  is 
discussed  in  BuUetin  816,  U.  S.  Department  of  Agriculture,  and  in  Farmers'  Bulletin  1178. 
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All  dead  and  dying  trees  and  lirribs  should  he  promptly  removed 
and  humed^  as  they  attract  wood-boring  insects  which  may  become 
abundant  and  attack  and  injure  healthy  trees.  When  limbs  of 
trees  are  being  removed  they  should  be  sawed  as  closely  to  the  trunk 
as  possible  to  insure  rapid  and  complete  healing  over.  Stubs  of 
limbs  should  not  be  left,  as  these  decay,  later  resulting  in  a  cavity 
which  permanently  injures  the  tree  and  will  afford  a  hiding  place  for 
noxious  insects.  In  cutting  large  limbs  special  care  should  be  taken 
to  prevent  stripping  of  the  bark  from  the  tnmk.  A  large  limb  is 
best  removed  by  first  sawing  the  limb  from  the  underside  at  a  distance 
of  6.  to  8  inches  from  the  trunk  until  the  saw  is  pinched,  by  which 
time  the  cut  should  have  reached  from  one- fourth  to  one-half  through 
the  limb.  The  second  cut  should  be  made  on  the  upper  side  of  the 
limb  an  inch  or  two  farther  from  the  base  of  the  limb  than  the  first 
one,  sawing  being  continued  until  the  limb  faUs.  It  is  then  easy  to 
saw  off  the  remaining  stub  close  to  the  tree  trunk  and  in  line  with  its 
woody  surface,  taking  care,  however,  to  support  the  stub  until 
completely  severed.  »  ^ 

STIMULATION  OF  GROWTH  BY  FERTILIZATION,  ETC.* 

Unthrifty  trees  are  thought  to  be  more  subject  to  the  attack  of 
certain  insects  than  plants  in  a  healthy  condition.  Weakened  trees 
are  frequently  killed  by  wood-boring  insects  which  do  not  attack 
trees  growing  vigorously.  Such  trees  sometimes  can  be  saved  by 
prompt  stimulation  with  a  nitrogenous  fertilizer,  as  nitrate  of  soda, 
stable  manure,  etc.  This  treatment,  in  connection  with  severe  prun- 
ing and  adequate  cultivation,  often  will  resuU  in  marked  improve- 
ment. 

MISCELLANEOUS  IN  SECT- KILLING  IMPLEMENTS. 

Elsewhere  in  this  bulletin  the  point  was  made  that  wholesale  de- 
struction is  an  essential  consideration  in  the  profitable  control  of  in- 
sects wherever  this  is  practicable.  In  the  case  of  large  trees  the 
insects  are  generally  beyond  unaided  reach  and  usually  too  numerous 
for  profitable  individual  hand  picking.  Hence,  mechanical  devices  of 
some  sort,  ranging  from  the  ordinary  paint  or  whitewash  brush  or 
pole  and  mop  to  the  most  complicated  power  drawn  and  propelled 
spraying  outfit,  are  generally  employed  in  this  work.  Local  condi- 
tions and  the  insect  involved  largely  determine  the  sort  of  instrument 
to  be  used  in  any  given  case. 

THE  PAINT  OR  WHITEWASH  BRUSH. 

In  the  absence  of  spraying  machinery  or  for  other  reasons  a  single 
shade  tree  or  small  number  of  them  requiring  treatment  of  trunk  and 

*  Adapted  from  Farmer*'  BuUeUo  008. 
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larger  branches,  as  for  scale  insects,  may  often  be  saved  from  serious 
injury  or  utter  ruin  by  the  application  of  an  insecticide  with  a  paint 
or  whitewash  brush.  With  proper  protection  of  the  painter's  hands 
and  face  even  lime  sulphur,  which  is  somewhat  caustic  to  the  bare 
skin,  may  be  used  to  advantage,  for  it  is  considerably  cheaper  than 
other  preparations,  and  a  brush  application  will  insure  against  pos- 
sible injury  to  paints  on  buildings  near  by.  The  brush  has  also  the 
advantage  of  being  perhaps  least  costly  and  it  is  certainly  the  simplest 
tool  for  the  purpose. 

THE  MOP. 

The  mop  may  consist  of  nothing  more  than  a  bundle  of  rags  tied 
to  the  end  of  a  pole.  Saturated  with  kerosene  or  creosote  it  may 
be  used  for  daubing  tent  caterpillars  and  webworms  or  tussock-moth 
eggs,  which  are  thus  killed  most  rapidly.  If  lighted,  the  kerosene- 
soaked  mop  may  be  converted  into  a  torch  and  webs  burned  out, 
provided  it  is  handled  deftly  so  that  the  live  wood  is  not  burned. 

.     TREE  BANDING. 

INDISCRIMINATE  USE  OF  BANDS  FUTILE. 

The  habit  of  some  insects,  at  certain  definite  stages  of  their  lives, 
of  traveling  in  mass  along  the  tree  trunk  has  suggested  the  use  of 
bands  as  barriers  or  traps.  Against  certain  wingless  female  moths, 
also,  like  cankerworm  moths,  this  method  of  control  may  be  made 
operative.  Various  materials  are  serviceable  for  this  purpose,  gimny- 
sacking,  cotton  batting,  and  fine-mesh  wire  screen  being  employed 
and,  in  recent  years,  certain  sticky  substances  have  come  into  quite 
general  use. 

It  is  evident  that  the  usefulness  of  such  bands  is  restricted  to  tree- 
infesting  insects  having  the  habits  above  mentioned.  Unfortunately 
many  people  have  gained  the  erroneous  impression,  especially  since 
the  use  of  sticky  bands  has  come  into  vogue,  that  these  bands  are 
a  panacea  for  all  tree  troubles  caused  by  insects.  The  result  has 
naturally  been  the  indiscriminate  use  of  bands,  often  with  the  dis- 
astrous consequences  that  might  have  been  expected  under  the  cir- 
cumstances. There  is  no  royal  road  to  insect  control.  The  bands, 
even  where  the  insect's  habit  allows  of  their  usefulness,  will  be  effec- 
tive only  when  watched  constantly  so  that  clogging,  bridging,  drying 
up,  and  other  contingencies  may  be  guarded  against.  Banding 
should  be  resorted  to  only  after  consultation  with  an  entomologist. 
Wherever  applicable,  the  following  bands  are  recommended : 

COTTON  BATTING. 

Take  a  band  of  cotton  batting  6  f  o  8  inches  wide  and  a  little  longer 
than  sufficient  to  encircle  the  trunk  of  the  tree  at  a  convenient  height, 
wrap  it  around  the  tree,  and  tie  the  bottom  edge  of  it  securely,  turn- 
5092«— 20 2 
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ing  the  upper  edge  down  over  the  string  so  as  to  form  a  flange  of 
loose  cotton  all  around  the  tree.  (Fig.  4.)  It  should  be  borne  in 
mind  that  this  barrier  will  remain  effective  only  so  long  as  the  cot- 
ton remains  fluffy,  and  even  then,  especially  if  the  insects  are  very 

numerous,  frequent  examination  of 
the  bund  is  necessary  if  it  is  to  be 
kept  in  proper  working  order. 

WIRE  SCREEN. 

Wire  screen  may  be  used  to  trap 
nonflying  moths  like  those  of  the 
cankerworms  and  tussock  moth 
to  prevent  them  from  crawl- 
ing up  the  tree.  Ordinary  12- 
inch  12-mesh  fly  screen  is  cut  on 
a  bias  into  pieces  long  enough  at 
the  top  to  overlap  an  inch  or  so 
after  encircling  the  tree  trunk  at 
Fig.  4.— Barrier  of  cotton  batting  on    the   desired    height   and   about   6 

pT.rwU"eLT"hrr  "(Qu'r    in<=l>««    l^ng^^    «*    the    bottom. 
tance  and  siegier.)  Fasten  the  Upper  edge  snugly 

around  the  tree  with  small  carpet  tacks  and  let  the  ends  meet  on  a 

bias,  so  that  the  looser  edge  of  the  band  stands  away  from  the  trunk 

about  an  inch  all  around  and  admits  the  ascending  insects  freely. 

Where  a  number  of  uniform  sized  trees  are  to  be  banded  at  the  same 

time,  the  wire  strip  may  be  cut  up  as  suggested  on  the  accompanying 

outline  (fig.  5). 


Fig.  5. — Diagram  of  strip  of  wire  screen   with  broken  lines  Bhowing  how   to  cat  it 

for  insect  guards. 

These  bands  must  be  examined  daily  and  moths  collected  under 
them  crushed,  as  the  tiny  larvse  hatching  from  eggs  they  may  lay 
will  readily  penetrate  the  screen.  Because  of  this  necessity,  the  use 
of  wire  bands  is  practicable  only  in  limited  instances. 

STICKY   BANDS. 

Applied  directly  to  the  bark  of  the  tree  sticky  bands  may  be  in- 
jurious. The  injury  may  be  prevented,  however,  by  applying  the 
preparation  on  a  strip  of  heavy  paper.  As  such  paper  can  not  be 
made  to  fit  snugly,  cheap  cotton  batting  may  be  used  underneath  it 
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The  process  then  is  as  follows:  Cut  a  strip  of  cotton  about  2  inches 
wide  and  wrap  it  around  the  tree  trunk  so  as  to  fill  all  the  crevices 
of  the  bark.  Over  the  cotton  place  a  strip  of  1-ply  building  tar 
paper  about  5  inches  wide,  draw  it  tightly,  and  tack  it  securely  where 
it  overlaps.    The  adhesive  is  then  spread  out  on  the  paper.     (Fig.  6.) 

The  sticky  preparation  is  apt  to  become  dry  or  covered  with  dust 
and  insects  and,  in  consequence,  fail  to  function,  so  that  it  should  be 
either  renewed  from  time  to  time  or  it  may  be  renovated  by  combing 
it  so  as  to  remove  obstructions  and 
bring   the   fresh   material   to   the 
surface. 

Sheets  of  sticky  fly  paper  may  be 
used  for  tree  banding,  in  emergencies. 
They  are  best  placed  over  bands  of 
cotton  batting,  as  described  above, 
and  fastened  to  the  trunk  by  means 
of  heavy  twine  tied  tightly  around 
the  upper  and  lower  edges. 

STICKY    PREPARATIONS    FOR 
BANDING/ 

The  market  offers  proprietary  prep- 
arations for  banding  which  are  fre- 
qi!keiit]v  preferred  because  readv  for    I'^ic.  6.— Barrier  of  sticky  material 

-l^j^  ,       .    I       ^      'Tx*     *  J  on    tree    trunk    to   prevent   ascent 

use.  \\  here  materials,  facilities,  and  of  caterpillars,  wingless  moths. 
time  are  available,  however,  these  ^*^-  (Quaintancc  and  siegier.) 
preparations  may  be  made  at  home.  Homemade  preparations  offer 
advantages  in  that  adulterant  or  harmful  substances  are  sure  to  be 
excluded,  the  cost  will  be  less,  and  substances  may  be  used  up  that 
might  otherwise  go  to  waste.  Following  are  some  of  the  substances 
and  mixture  that  may  be  employed  for  this  purpose : 

ROSIN -CASTOR  OIL  MIXTURE.** 

Place  5  pounds  of  rosin  and  3  pints  of  castor  oil  in  a  pot  and 
heat  slowly  until  the  rosin  is  melted.  Add  more  oil  if  the  resultant 
is  too  thick. 

AXLE  GREASE,  FISH  OIL,  AND  ROSIN. ^ 

These  substances  are  used  in  Europe  for  the  preparation  of  a  tree- 
banding  mixture  which  is  reported  effective.  The  mixture  is  made 
as  follows: 

Axle    grease pound—       1 

Fish    oil pint--       1 

Powdered    rosin pounds--      2 

•  See  also  Department  Bulletin  800,  "  Gipsy  Moth  Tree-Banding  Material :  How  to 
Make,  Use,  and  Apply  It,"  which  may  be  obtained  from  the  Superintendent  of  Documents, 
Washington,  D.  C,  for  15  cents  (postage  stamps  not  accepted). 

The  rosln-castor  oil  mixture  and  the  mixture  of  axle  grease,  fish  oil,  and  rosin  have 
been  tested  by  the  Bureau  of  Entomology  in  New  England  for  banding  purposes  but  are 
unsatisfactory    in  that  region. 
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Heat  the  axle  grease  in  a  cooking  vessel  of  at  least  a  gallon  capac- 
ity until  all  the  water  in  it  is  evaporated.  Without  removing  this 
from  the  fire,  stjr  in  the  fish  oil,  followed  by  the  powdered  rosin,  a 
little  at  a  time.  When  the  latter  is  dissolved,  remove  from  the  fire, 
and  the  mixture  is  ready  for  use  next  day. 

PRINTER'S   INK. 

Refuse  printer's  ink,  sold  as  "tree  ink,"  may  be  used  for  tree- 
banding  purposes,  but  it  should  be  mixed  with  a  heavy  oil  to  pre- 
vent it  from  drying  too  rapidly. 

SPRAYING  OUTFITS  FOR  SMALL  OPERATIONS.^ 

HAND  ATOMIZERS. 

For  spraying  a  few  phints  or  very  small  trees,  hand  atomizers 
(fig.  7)  may  be  used.  These  are  made  of  brass,  copper,  heavy  tin, 
or  other  material,  and  usually  have  a  capacity  of  about  1  quart. 


Fig.  7. — Hand  atomizer,  usefal  for  spraying  small  plants  or  low-growing  trees.     (Quatn- 

tance  and  Slegler.) 

SMALL  COMPRESSED-AIR  PUMPS. 

Compressed-air  pumps  (fig.  8)  are  now  most  frequently  used  in 
small-scale  spraying,  and  are  preferred  to  the  bucket  or  knapsack 
pumps  by  those  who  do  not  wish  to  pump  while  applying  the  spray. 
These  pumps  are  usually  made  of  brass  or  galvanized  sheet  steel  and 
have  a  capacity  of  3  to  4  gallons.  They  are  carried  by  means  of  a 
shoulder  strap.  In  the  better  types  agitation  is  provided,  usually 
by  the  entrance  of  the  air  at  the  bottom  of  the  tank.  After  the  spray 
material  is  poured  into  the  tank,  and  the  opening  closed  by  the  tight- 
fitting  cap,  the  air  is  pumped  until  the  liquid  is  under  pressure.  The 
tank  is  usually  emptied  by  three  to  four  pumpings  of  a  dozen  strokes 
each. 

^  Adapted  from  Farmprs*  Bulletin  908. 
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BARREL  PUMPS. 

The  barrel  hancl-pump  6utfit  (fig.  9)  has  a  capacity  of  about  50 
gallons,  and  may  be  used  to  advantage  on  a  limited  nimiber  of  trees. 
With  a  good  barrel  pump  considerable  spraying  may  be  done  in  a 
satisfactory  manner.  The  working  parts  of  the  pump  should  be  of 
bronze,  brass,  or  other '  noncorrosive  material,  and  the  valves  and 
plungers  sh6uld  be  readily  accessible  and  easily  repaired.  The  pump 
should  be  provided  with  an  efficient  agitator,  either  of  the  paddle 
or  rotary  type.  To  insure  a  good  pressure  and  uniform  discharge 
of  the  spray  ma- 
terial the  pump 
should  be  provided 
with  an  adequate 
air  chamber,  to 
which  a  pressure 
gauge  may  be  at- 
tached if  desired. 
The  pump  may  be 
mounted  either  on 
the  head  or  side  of 
the  barrel,  and  the 
whole  outfit  placed 
on  skids  or  on  a 
wagon.  On  hilly 
land  it  is  preferable 
to  have  the  barrel 
in  a  horizontal  posi- 
tion. 

DOUBLE -ACTION 
HAND  PUMPS. 


Fig.  8. — Compressed-air  sprayer  for  small  spraying  op- 
erations ;  no  pumping  Is  required  while  spraying. 
(Qualntance  and  Slegler.) 


The  double-action 
hand  pumps  (fig. 
10)  usually  are  employed  in  connection  with  spray  tanks  of  greater 
capacity  than  a  barrel,  as  the  150  or  200  gallon  half-round  tank  used 
in  place  of  the  wagon  bed.  The  pump,  which  may  be  either  vertical 
or  horizontal,  is  fastened  to  a  small  platform,  and  placed  on  top  of 
the  tank  or  on  a  platform  at  the  hind  end  of  the  wagon.  A  suction 
hose  "Extends  into  the  spray  tank.  A  barrel  or  100-gallon  hogshead 
may  be  used,  however,  and  placed  at  one  end  of  the  wagon  bed  or  plat- 
form, thus  leaving  plenty  of  room  for  the  pump  and  operator.  When 
properly  used  these  double-acting,  double-cylinder  pumps  furnish 
adequate  pressure  for  two  leads  of  hose,  and  for  single  or  double 
nozzles.  They  furnish  an  outfit  intermediate  in  cost  and  capacity 
between  the  barrel  pump  and  the  gasoline  or  other  power  sprayer. 
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A  common  defect  is  lack  of  adequate  facilites  for  agitation,  although 
tanks  are  available  in  which  this  deficiency  is  corrected  to  some 
extent. 

SPRAYING  OUTFITS  FOR  LARGE  OPERATIONS.' 

Spraying  outfits  in  larger  towns  and  cities  are  generally  best  op- 
erated by  gasoline  engines.  In  an  emergency  even  the*  fire  engines 
may  be  utilized  for  this  purpose  in  some  communities. 

GASOLINE-POWER    SPRAYERS. 

Spray  pumps,  operated  by  gasoline  engines,  are  by  far  the  most 
useful  type  of  sprayer  and  are  made  in  various  sizes  and  styles  to  suit 

almost  any  requirement 
Special  outfits  have  been 
designed  for  hillside 
spraying,  vineyard  spray- 
ing, shade-tree  spraying, 
etc. 

The  smallest  power 
sprayers  are  nothing 
more  than  ordinary 
barrel  pumps  equipped 
with  a  small  engine  of  1 
to  1^  horsepower.  These 
small  mechanical  outfits 
are  higher  in  price  than 
the  hand  pump,  but  are 
usually  worth  the  addi- 
tional first  cost.  They 
may  be  operated  at  a 
comparatively  small  cost 
and  will  give  a  steadier 
spray  and  at  a  higher 
pressure  than  will  the  pumps  operated  by  hand.  With  the  small 
power  outfit  one  lead  of  hose  is  generally  used,  but  two  leads  may  be 
employed  if  the  pump  has  sufficient  capacity. 

Large  power  sprayers  (see  title-page)  are  made,  with  pumps  of 
from  two  to  four  cylinders,  having  a  capacity  of  5  to  50  or  more  gal- 
lons per  minute  under  a  pressure  of  150  to  300  pounds.  These  spray- 
ers are  operated  by  gasoline  engines  of  from  2  to  12  horsepower.  For 
the  four-cylinder  pumps  of  large  capacity,  auto-type  4-cylinder  en- 
gines of  10  to  12  horsepower  are  sometimes  used. 

*  Adapted  from  Farmers*  Balletin  908. 


FiQ.   9. — Barrel    pump,    suitable   for   spraying  a   few 
medium-sized  trees.     (Quaintance  and   Slegler.) 
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In  the  extensive  spraying  operations  in  New  England  for  the  gipsy 
and  brown-tail  moths  motor-truck  sprayers*  (fig.  11)  have  been 
used  to  great  advantage.  ' 

The  makes  of  spray  machines  now  on  the  market  vary  a  good  deal 
in  durability  and  efficiency.  The  tree  warden,  before  selecting  an 
outfit,  should  consider  carefully  the  several  designs  and  choose  an 
outfit  that  will  best  meet  his  requirements.  < 

SPRAYING  ACCESSORIES.^^  > 

The  spraying  outfit  is  not  complete  or  efficient  unless  properly 
equipped  with  useful  accessories.     Spraying  devices  that  will  save 


Fio.   10. — Double-action  hand  liump  for  spraying  home  grounds  or  in  the  small 
community.     (Qualntance  andT  Slegler.) 

time  or  aid  the  tree  warden  in  doing  more  thorough  work  should  be 
provided.  The  equipment  need  not  necessarily  be  elaborate  or  ex- 
pensive, but  should  be  sufficiently  complete  and  modern  so  that  there 
will  be  no  handicap  when  the  time  to  spray  is  at  hand.  Spraying,  to 
be  most  effective,  must  be  done  at  critical  periods,  and  delays  caused 
by  insufficient  or  inferior  equipment  may  mean  a  heavy  loss. 

SPRAY  NOZZLES. 

Manufacturers  of  spraying  machinery  and  accessories  have  placed 
on  the  market  a  large  number  of  nozzles  to  which  they  have  given 

•  Department  Bulletin  480,  "  Solid-Stream  Spraying  Against  the  Gipsy  Moth  and 
Brown-Tail  Moth  in  New  England."  contains  full  information  on  the  subject  and  may 
be  purchased  from  the  Superintendent  of  Documents.  Washington,  D.  C,  for  15  cents 
(postage  stamps  not  accepted). 

M  Adapted  from  Farmers*  Bulletin  908. 
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various  trade  names.    Although  these  nozzles  differ  somewhat  in  size 
and  style,  the  principle  of  construction  is  not  distinctive  for  each. 
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The  nozzle  type  most  suitable  for  shade-tree  spraying  is  that  known 
as  the  whirlpool  disk  type  (fig.  12).    It  is  as  well  adapted  for  use 
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with  small  spraying  outfits  as  with  larger  ones.    These  nozzles  are 
usuaUy  provided  with  three  interchangeable  disks  or  plates,  each 
having  a  diJfferent  sized  opening  to  give  a  fine,  medium,  or  coarse 
spray.    The  spray  material  passes  through  a  tangential  opening  into 
the  eddy  chamber,  where  it  obtains  its  whirling  motion  and  escapes 
through  the  opening  in  the  disk.     The  disk  nozzles  are  relatively 
small  and  compact  and,  owing  to  the  absence  of  any  appendages,  do 
not  catch  in  the  branches  of  trees  as  happens  with  other  designs.    The 
coarse  spray  disks  deliver  a  fairly  large  quantity  of  spray  material, 
and    can   not   be   used    satisfactorily 
with    pumps   of   small   pressure    ca- 
pacity.    With   the  smaller   spraying 
outfits  the  disks  having  small  aper- 
tures should  be  used. 

NOZZLE  Y. 

For  rapid  spraying,  with  outfits 
having  sufficient  capacity  and  pres- 
sure, two  nozzles  peri-od  may  be  used. 
These  can  be  attached  to  the  spray  rod 
by  means  of  a  Y. 

SPRAY   RODS. 

Spray  or  extension  rods  (fig.  13) 
are  employed  in  order  to  reach  the 
upper  and  inner  parts  of  the  trees. 
These  generally  consist  of  an  alumi- 

1  .  J  '  i    •        1        I*'iG-    12. — Large    eddy-cbamber    or 

num,    brass,    or   iron    rod    contained         whiripooi-disk  type  of  nozzle  and 

within  a  bamboo  pole  and  are  usually  elbow  or  crook.       (Quaintance  and 

made  in  lengths  of  from  6  to  14  feet.  ^  ^^'^ 

Some  fruit  growers  use  an  ordinary  gas  pipe,  but  the  lighter  weight 

spray  rods  are  much  more  desirable. 

ANGLE  SHUT-OFF. 

An  angle  shut-ojff,  connecting  the  spray  hose  with  the  base  of  the 
spray  rod,  is  a  convenient  device  for  cutting  off  the  spray  material 
whenever  desired,  as  in  passing  from  one  tree  to  another.  The  angle 
construction  permits  the  hose  to  hang  in  its  natural  position,  and 
thereby  saves  the  hose  from  wearing  at  the  coupling.  Without  an 
angle  shut-off,  spray  material  is  frequently  wasted  because  of  the 
inconvenience  of  closing  the  stopcock. 
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THE  WORTHLEY  NOZZLE.  FOR  SOLID-STREAM  SPRAYING. 

In  the  spraying  of  shade  trees,  which,  when  full  grown,  are  usually 
quite  tall  and  large  generally,  the  time  and  labor  previously  required 
in  climbing  in  order  to  reach  the  top  have  constituted  the  heaviest  item 
of  expense  in  insect  control.    The  introduction  of  solid-stream  spray- 
ing has  largely  eliminated  this  expense,  and  the  Worthley  nozzle  (fig. 
14)  is  a  material  help  in  the  same  direction.    It  is  in 
ejffect  a  combination  of  extension  rod  and  nozzle. 
With  this  nozzle  the  tops  of  trees  85  feet  high  and 
higher  can  be  reached  from  the  ground  quite  effec- 
tively.   To  break  the  force  of  the  stream,  so  that 
small  trees  and  the  lower  foliage  of  large  trees  may 
be  properly  sprayed,  a  strip  of  brass,  slightly  curved, 
about  10  inches  long  and  li  inches  wide,  known  as  a 
spreader  (fig.  14,  B),  is  attached  to  a  brass  ferrule 
about  a  foot  in  length,  so  that  it  can  be  moved  up 
and  down  the  tube  of  the  nozzle.    When  this  brass 
strip  is  slid  beyond  the  tip  the  solution  forcibly 
coming  in  contact  with  it  is  broken  up  into  a  fan- 
shaped  stream,  thus  giving  a  good  mist  spray. 
SPRAY   HOSE. 

Only  the  best  grade  of  high-pressure  hose,  usually 
about  three-eighths  to  one-half  inch  inside  diameter, 
should  be  used  for  spraying  operations.  The  length 
of  the  hose  for  spraying  from  the  ground  will  vary 
according  to  conditions,  but  should  be  adequate  for 
the  work  to  be  done.  In  large  tree  spraying,  from  50 
to  150  feet,  with  an  average  of  about  100  feet  of  hose 
is  desirable,  and  this  will  be  long  enough  to  permit 
the  spray  men  to  work  around  the  tree  without 
hindrance.  Special  conditions  may  require  greater 
lengths  of  hose. 

HOSE  COUPLINGS  AND  CLAMPS.     . 

It  is  poor  economy  to  use  light-weight  hose  cou- 

PiQ    13  —Bamboo   pl^^g^  and  clamps,  since  rough  usage  will  soon  cauae 

spray      rod.    them  to  break  or  blow  out.    Heavy  couplings  and 

Wro"*'^''"^   clamps  are  obtainable,  and  these  will  give  better 

satisfaction. 

TANK   FILLERS. 

During  spraying  operations  it  is  highly  important  to  refill  the 
spray  tank  quickly,  since  delays  in  filling  waste  the  time  of  the  team 
and  spray  men.  Unless  the  community  is  provided  with  a  conveni- 
ent water  system,  a  tank  filler  is  practically  indispensable.  This 
device,  which  usually  operates  on  the  jet  system,  will  promptly  fiU 
the  tank  from  any  source  of  water,  such  as  a  cistern,  pond,  etc. 
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Fig.  14. — Nozzles  for  soIid-Btream  sprayer.  A,  Old  type  nozzle;  B,  latest  type, 
known  as  the  Worthley  nozzle,  with  spreader ;  C,  smaller  size,  same  type 
as  B.     (Worthley.) 
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Rotary  pumps  (fig.  15)  connected  with  the  spray  engine  are 
employed  for  the  same  purpose  and  are  more  satisfactory  where 
the  water  contains  considerable  sediment.  Rotary  pumps  are  fre- 
quently used  in  districts  where  the  water  is  drawn  from  the  irrigation 
ditches. 

PRESSURE  REGULATOR. 

This  is  a  useful  attachment  for  the  regulation  of  the  pressure. 
By  its  proper  adjustment  a  uniform  spray  is  obtained  at  the  pres- 
sure desired. 

MISCELLANEOUS   SPRAYING   SUPPLIES. 

The  following  accessories  should  be  provided : 
Scales. — A  good  pair  of  scales  should  be  used  for  weighing  out  the 
spray  materials.    Guess-work  is  poor  economy. 


Fio.  15. — Gasoline-power  Bpraying  outfit  with  carpenter's  horse  type  of  tower  and  rotary 
pump  tank  filler.     (Qualntance  and  Siegler.) 

Galvanized  buckets. — ^These  are  useful  for  measuring  liquid  spray 
materials,  especially  when  gallons  and  smaller  quantities  are  marked 
on  them  by  means  of  graduating  dents. 

Strainer. — Before  admitting  spray  material  into  the  spray  tank,  it 
should  first  pass  through  a  screen  (fig.  16)  to  remove  all  of  the  coarse 
particles.  The  opening  in  the  spray  tank  for  filling  purposes  is 
usually  provided  with  a  removable  brass  screen. 
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Extra  parts. — Extra  parts  of  the  equipment  most  subject  to  wear 
or  breakage  should  always  be  on  hand.  Failure  to  observe  this  pre- 
caution will  frequently  result  in  delays  at  critical  spraying  periods. 

Tools. — ^Tools  specially  made  for  the  different  parts  of  the  spray- 
ing outfit  are  usually  supplied  by  the  manufacturer.  Other  stand- 
ard tools,  however,  such  as  wrenches,  screw  drivers,  hammers,  etc., 
should  be  carried  in  the  tool  box  in  case  of  need. 
•  Help. — In  solid-stream  power  spraying  at  least  5  men  are  required : 
One  mechanic  and  driver  (or  chauffeur  if  the  outfit  is  mounted  on  a 
power  truck),  three  men  at  the  hose,  and  one  at  the  nozzle.  If  more 
than  150  feet  of  hose  are  used,  more  men  will  be  needed. 

It  is  perhaps  not  out  of  place  to  state  here  that,  in  view  of  the 
fact  that  spraying  is  practically  futile  unless  it  is  intelligently  done, 
it  is  not  only  desirable  to  have  the  help  in  this  work  intelligent  and 
measurably  well  informed,  but  also  to  have  the  rewards  of  their  labor 
sufficiently  attractive  to  hold  them  to  a  certain  degree  of  permanence, 
thereby  insuring  effectiveness  and  efficiency.  In  the  long  run  such 
a  policy  will  prove  the  cheapest  and 
most  satisfactory. 

SPRAY  DILUTION  TABLE  FOR 
READY  REFERENCE." 

Table  I  shows  the  amount  of  spray 
material  required  for  a  number  of 
different  quantities  of  spray.  The 
rate  at  which  the  materials  have  been 
computed  will  be  found  in  the  first 
column.  The  figiires  at  the  top  of  the 
table  represent  the  total  number  of 

gallons  of  diluted  spray  desired,  and  

the   figures   in   the   vertical    colunms    ^o-   le— strainer  for  use  in  re- 

^  ,        m  X      •    1  moving  sediment   in   sprays   when 

give    the    amount    of    spray    material  these   are   being    poured    into    the 

required.  Thus,  if  150  gallons  of  ^P'^'y  *«"^-  (Quaintance  and 
arsenate  of  lead,  paste,  at  the  rate  of 

2  pounds  to  50  gallons,  is  to  be  used,  it  will  be  noted  in  the  table  that 
6  pounds  is  required.  Again,  if  100  gallons  of  kerosene  emulsion,  10 
per  cent  strength,  is  wanted  and  the  stock  solution  contains  66  per 
cent  of  kerosene,  it  will  be  found  by  referring  to  the  table  that  16 
gallons  of  the  stock  emulsion  should  be  used. 

*i  Adapted  from  Farmers'  Bulletin  008. 
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LEAF-CHEWING  INSECTS. 

GENERAL. 

The  life  of  the  deciduous  tree  attacked  by  leaf -chewing  insects  is 
directly  endangered  by  them  only  when  they  keep  the  tree  in  a  state 
of  complete  defoliation  for  several  years  in  succession.  Fortimately 
this  condition  can  apparently  be  brought  about  only  by  recent  insect 
pest  immigrants  before  our  native  predacious  and  parasitic  insects 
develop  an  appetite  for  them.  This  was  true  not  so  many  years  ago 
of  the  elm  leaf -beetle,  for  instance,  which  is  only  an  occasional  and 
local  pest  at  present  owing  to  the  effective  work  of  predacious  bugs 
that  feed  on  its  eggs.  Nevertheless,  aside  from  disfiguring  the  tree 
for  the  season,  defoliation  tends  to  reduce  its  vitality  more  or  less, 
and  this  often  leads  to  its  attack  by  other  insects,  principally  bark 
and  wood  borers,  which  are  much  harder  to  combat  and  the  injury 
of  which  not  infrequently  results  in  fatalities  among  trees.  For 
these  reasons,  as  well  as  the  fact  that  it  is  the  most  easily  done,  it  is 
advisable,  wherever  practical  considerations  permit,  to  check  de- 
foliation as  soon  as  observed.  As  not  every  hole  in  the  foliage 
necessarily  indicates  the  presence  of  a  defoliator  this  point  is  best 
first  definitely  ascertained  before  the  labor  and  expense  of  spraying 
are  undertaken.  Municipalities,  however,  should  always  be  prepared 
for  such  emergencies  by  having  on  hand  the  necessary  machinery 
and  supplies  for  a  prompt,  thorough,  and  quick  job. 

BAGWORM.'* 

Recognition  of  work. — Although  arborvit«e  and  other  evergreens 
are  the  favorite  food  of  the  bagworm,  broad-leafed  trees  and  shrubs 
are  not  infrequently  discovered  to  have  their  foliage  eaten  and  bear- 
ing rough  looking,  more  or  less  spindle  shaped  bags  up  to  2  inches 
long  (fig.  17).  On  closer  examination  a  head  and  six  legs  are  found 
protruding  from  the  opening  at  the  upper  end  of  the  bag.  Badly 
defoliated  trees  during  the  dormant  season  are  bespangled  with  such 
bags,  although  at  that  time  most  of  these  contain  eggs  instead  of 
caterpillars. 

Habits  cmd  seasonal  history, — ^The  bagworms  attain  full  growth  in 
the  District  of  Columbia  toward  the  end  of  August,  whereupon  they 
transform  to  pupae.  About  three  weeks  later  these  change  into  adult 
moths,  of  which  the  females  are  wingless  and  do  not  leave  the  bag. 
The  males  alone  emerge  from  the  bags  and  fly  in  search  of  females, 
with  which  they  mate.  Immediately  thereafter  the  female  begins 
laying  her  eggs,  with  which  she  nearly  fills  her  old  chrysalis  skin  in 
the  bag,  wriggles  out  of  it,  and  dies.     The  eggs  thus  laid  pass  the 


^  Thyridopteryw  ephemerae formi 8  Haworth. 
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winter  in  the  bag  and  late  the  following  spring  hatch  into  cater- 
pillars, which  make  their  way  to  the  nearest  leaf  and  immediately 
begin  to  feed  and  construct  bags  for  themselves.  The  bags  are  made 
from  bits  of  the  foliage  on  which  they  feed  and  silk  spim  by  them. 
In  the  latitude  of  Washington,  D.  C,  it  takes  the  bagworm  a  full 
year  to  complete  its  life  cycle. 

Control. — Several  forms  of  parasitic  insects  prey  on  the  bagworm, 
keeping  its  numbers  within  harmless  bounds  during  most  years. 
From  time  to  time,  however,  this  check  fails  to  operate,  and  then 
artificial  measures  of  control  must  be  resorted  to. 


Fio.  17. — Twig  of  conifer  completely  defoliated  by  bagworms,  showing  bags  In  Tarions 
stages  of  development     (Photo  by  Pain&) 

It  is  clear  from  the  seasonal  history  of  the  insect  that  if,  wherever 
practicable,  the  bags  be  picked  off  the  trees  during  the  winter  and 
burned,  so  many  eggs  will  have  been  destroyed  that  the  damage  the 
following  season  will  be  limited  to  the  caterpillars  from  the  eggs 
in  the  few  overlooked  bags.  A  better  practice  than  burning  the 
bags,  however,  would  be  to  confine  them  ifi  a  bag  made  of  sheer  or 
coarse  material  and  suspended  from  the  ceiling  of  an  outhouse,  thus 
allowing  the  issue  and  escape  of  parasites  they  may  contain,  confin- 
ing the  bagworms  until  they  die,  and  protecting  the  mass  from  de- 
struction by  mice,  decay,  etc.  Where  hand  picking  is  impracticable, 
and  especially  on  evergreen  trees,  the  most  efficient  remedy  is  to  spray 
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infested  trees  with  lead  arsenate  (p,  11)  while  the  worms  are  feeding 
and,  preferably,  soon  after  they  are  hatched  from  the  eggs  in  the  late 
spring.  For  strength  of  spray  and  method  of  applying  it  see  pages 
20-30. 

The  effectiveness  of  the  campaign  against  this  pest  will  be  in 
direct  proportion  to  the  extent  to  which  the  immediate  neighborhood 
participates  in  it. 

A  full  accoimt  of  the  bagworm  is  given  in  Farmers'  Bulletin  701 
of  this  Department  which  will  be  sent  on  request  as  long  as  the  sup- 
ply lasts. 

CATALPA  SPHINX."* 

Recogrfition  of  work. — Catalpa  trees,  the  only  kind  attacked  by 
this  insect,  are  often  found  having  their  leaves  rapidly  devoured  by 
caterpillars  which,  when  full  grown,  are  conspicuously  yellow  and 
black  striped,  3  inches  long,  with  a  short  horn  near  the  hind  end  of  the 
body  (fig.  18,  Cy  €,  /,  h) .  Caterpillar  droppings  beneath  a  catalpa  tree 
are  another  indication  of  their  presence.  In  some  seasons  the  leaves 
are  completely  stripped  off  entire  trees  or  even  groves  by  this  insect. 

Habits  and  seasonal  history. — Aroimd  Washington,  D.  C,  the  in- 
sect completes  two  generations  annually,  three  or  four  in  the  ex- 
treme South.  On  ^attaining  full  growth  the  caterpillars  of  the  fall 
generation  crawl  down  the  trunk  of  the  tree  and  into  the  ground 
where  they  pupate  and  spend  the  winter  in  that  stage  (fig.  18,  j). 
Late  the  following  spring  the  large  grayish  brown  moths  (fig.  18,  A;), 
known  as  catalpa  sphinx  or  catalpa  hawk  moths,  issue  from  these, 
mate,  and  lay  their  eggs  (fig.  18,  a)  in  batches  up  to  about  a  thousand 
on  the  underside  of  leaves,  and  sometimes  in  smaller  batches  on 
stems  and  branches.  The  young  caterpillars  hatching  from  these 
feed  in  groups  for  some  time  before  scattering  (fig.  18,  6,  6,).  They 
molt  before  reaching  full  growth  and  pupating,  and  vary  consider- 
ably in  the  markings,  as  shown  in  the  illustration  (fig.  18,  e,  /). 

Control. — Normally,  natural  agencies,  such  as  small  wasplike  and 
flylike  parasitic  insects  and  insectivorous  birds,  keep  this  insect  in 
check,  so  that  it  is  not  seen  in  a  given  locality  for  from  one  to  several 
years.  In  some  parts  of  the  South  the  catalpa  is  grown  specially 
for  the  purpose  of  attracting  the  sphinx  moth,  for'  its  caterpillars 
are  highly  esteemed  there  as  bait  for  fishing.  Occasionally,  however, 
natural  agencies  fail  to  exercise  satisfactory  control  and  then  the 
artificial  killing  of  the  caterpiUars  with  poison  spray,  like  lead 
arsenate,  becomes  necessary.  The  method  of  application  of  the 
spray  is  given  on  pages  20-^0. 

Farmers'  Bulletin  705  contains  a  full  account  of  this  insect  and 
will  be  sent  on  request  as  long  as  the  supply  lasts. 


^Ceratomia  oatalpae  BdT. 
5692**— 20 8 
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FiQ.  18.— Catalpa  sphinx :  a,  Bgg  mass ;  h,  b,  newly  hatched  larm ;  o,  lar^a  ooe^third 
grown ;  d,  dorsal  view  of  joint  ot  f;  h,  full-grown  dark  larva ;  i,  dorsal  view  of  Joint 
of  same;  j,  pupa;  k,  moth;  I,  egg,  enlarged.  All  natural  sise,  except  U  Marx  deL 
(Howard  and  Chittenden.) 
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FOREST  TENT  CATERPILLAR." 

Manner  and  amount  of  damage  it  does. — Although  the  sugar  maple 
is  its  favorite  food  in  the  North  and  oak  in  the  South,  the  forest  tent 
caterpillar  will  feed  on  almost  any  deciduous  tree.  Like  most  native 
insects  it  is  very  abundant  and  causes  serious  injury  only  during 


Fig.  19. — Forest  tent  caterpillar:  10,  Female  moth  with  wings  expanded;  ll,  male 
moth  with  wings  expanded ;  It,  egg  belt  encircling  twig ;  13,  side  view  of  full  grown 
caterpillar;  If,  cocoon  in  leaf;  IS,  pupa;  16,  cast  skins  of  caterpillars.     (Felt.) 

spells  of  two  or  three  consecutive  years.  During  these  years,  how- 
ever, it  is  capable  of  completely  stripping  the  foliage  of  deciduous 
trees  over  hundreds  of  square  miles.  The  stopping  of  trains,  due  to 
tracks  made  slippery  by  crushed  masses  of  caterpillars  which  had 


^  MalaooMoma  dissiria  HQbn. 
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wandered  in  search  of  suitable  feeding  or  transformation  grounds, 
has  been  frequently  reported. 

How  to  recognize  its  presence. — In  early  summer  leaves  of  hard- 
wood trees  or  shrubs  may  show  signs  of  having  been  eaten  by  cater- 
pillars with  blue  head  and  silvery,  diamond-shaped  spots  down  the 
middle  of  the  back  (fig.  19,  13),  When  not  feeding,  these  cater- 
pillars cluster  on  the  trunks  and  large  limbs.  In  a  wind  they  drop 
to  the  ground  or  hang  from  the  tree  by  silken  threads. 

Seasonal  history  and  habits. — On  approaching  full  growth,  about 
early  June,  many  of  the  caterpillars  abandon  the  tree  and  settle  in 
sheltered  places  for  pupation  (fig.  19,  H).  Stones,  fences,  and  wood 
piles  serve  their  purpose.  They  remain  in  this  state  (fig.  19,  15) 
about  two  weeks  and  early  in  July  the  pupse  turn  into  moths  (fig.  19, 
10^  11).  A  little  later  the  females  lay  their  eggs  in  bands  of  about  150 
around  slender  twigs  (fig.  19, 12).  By  fall  the  yoimg  caterpillars  are 
fully  developed  within  the  eggs,  pass  the  winter  thus,  and  emerge  the 
following  spring  about  the  time  leaves  begin  to  unfold. 

Remedial  measures. — Between  the  spells  of  abundance  this 'insect 
is  kept  in  check  by  natural  agencies,  chiefly  parasitic  and  predacious 
insects  and  birds  as  well  as  unfavorable  weather  conditions. 

Destruction  of  egg  masses,  caterpillar  clusters,  and  pupae  in  season, 
either  by  hand  picking  and  burning  or  by  daubing  with  creosote  or 
spraying  with  kerosene  emulsion  or  any  of  the  standard  miscible  oils 
on  the  market,  will  aid  materially  in  checking  the  pest.  Finally,  in 
the  care  of  choice  trees  and  where  the  necessary  apparatus  is  available 
early  spring  spraying  with  lead  arsenate  (p.  11)  of  the  trees  known 
to  be  infested,  if  thoroughly  done,  will  effectively  check  injury  for 
the  season. 

SPRING  CANKERWORM  »  AND  FALL  CANKERWORM." 

Character  and  extent  of  injury. — Caterpillars,  which  because  of  the 
peculiar  loop  they  make  of  their  bodies  are  variously  known  as 
"  measuring  worms,"  "  spanworms,"  or  "  loopers  "  (fig.  20) ,  are  fre- 
quently found  devouring  the  leaves  of  forest  and  shade  trees  of 
the  eastern  United  States.  Of  the  numerous  species  of  loopers 
the  cankerworms  are  among  the  few  species  that  attack  both 
fruit  and  shade  or  forest  trees  and  occasionally  become  so  numerous 
as  completely  to  defoliate  trees  on  large  areas.  While  as  a  rule 
healthy  trees  replace  their  foliage,  repeated  defoliation  frequently 
leads  to  attack,  especially  on  oaks,  by  bark  and  wood  boring  insects, 
which  habitually  thrive  on  weakened  trees  and  ultimately  cause  their 
death.  The  fall  cankerworm  is  the  species  usually  injurious  on  shade 
trees,  the  spring  cankerworm  being  principally  an  orchard  insect 

^^Paleaorita  temata  Peck.  ^*  Alsophila  pometaria  Harr. 
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Appearance  and  seasonal  history, — ^The  cankerworm  is  the  cater- 
pillar stage  of  a  moth  and  comes  from  an  egg  laid  by  the  female 
moth,  which  is  always  wingless.  The  eggs  of  the  fall  moth  are  from 
50  to  150  in  number,  flowerpot  shaped,  and  laid  in  regular  rows  and 
compact  patches  which  are  generally  exposed  in  rings  around  twigs 
near  the  ends  of  branches.  Those  of  the  spring  moth  are  egg  shaped 
and  are  laid  in  irregular  batches  beneath  bark  scales.  At  the  time 
the  first  leaves  expand  in  the  spring  these  eggs  hatch  into  cater- 
pillars, which  attain  full  growth  in  about  four  weeks  (about  June) 
and  by  a  silken  thread  descend  to  the  ground,  there  pupating  a  few 
inches  below  the  surface.  From  these  pupae  the  moths  of  the  fall 
species  usually  emerge  and  lay  eggs  late  in  the  fall  or  during 
warm  days  in  winter.  The  males  are  winged,  the  females  wingless. 
Soon  after  emerging 
the  latter  crawl  up 
near-by  trees  and 
bushes  to  deposit 
their  eggs. 

Natural  control, — 
Cankerworms  are 
subject  to  attack  by 
a  variety  of  insect 
enemies.  Climbing 
ground  beetles  (fig. 
1,  p.  6)  devour 
many     caterpillars 

bodily.      Small  para-  ^^®'    2®- — ^"    frrown    caterpillars    of    the    Rprlnif    canker- 
.    .  -1/1.  worm.      (Qualntance.) 

sitic  wasps  and  flies 

lay  their  eggs  in  and  on  the  caterpillars  and  in  the  eggs  of  the  moth, 
and  the  ensuing  grubs  kill  even  greater  numbers  of  them.  Together 
these  insects  usually  succeed  in  keeping  the  cankerworms  in  clieck. 
but  if  the^  fail,  the  cankerworms  become  seriously  injurious. 

Artificial  control, — It  is  impractical  to  attempt  to  combat  these 
insects  on  trees  in  the  forest,  but  shade  trees  can  be  protected  as  fol- 
lows: (1)  Advantage  may  be  taken  of  the  winglessness  of  the  female 
by  keeping  the  tree  banded  (p.  17-20)  with  some  sticky  substance  or 
cotton  bands  to  prevent  her  from  ascending  the  trees  to  deposit  her 
eggs.  Such  bands  are  most  effective  where  applied  toward  the  end  of 
September  and  maintained  in  the  spring  until  the  end  of  May.  These 
bands  also  prevent  the  worms  that  come  from  the  undergrowth  from 
ascending  the  trees.  (2)  Where  banding  has  been  neglected  and 
evidence  of  heavy  infestation  is  indicated  by  numerous  perforations 
in  the  opening  leaves,  the  foliage  can  be  saved  by  prompt  spraying 
with  lead  arsenate  (p.  11). 
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ELM  LEAF-BBETLE.'' 

Hott^  injurious. — The  elm  leaf -beetle  (fig.  21,  6)  feeds  on  all  species 
of  elm,  but  the  common  English  elm  is  its  favorite.  Wherever  it  is 
established  and  abundant  it  may,  under  favorable  conditions,  keep 
the  elms  in  a  constant  state  of  partial  or  complete  defoliation  and 
eventually  lead  to  their  death.  Hundreds  of  elm  trees  of  all  ages  are 
known  to  have  died  as  a  result  of  continuous  defoliation  by  it  and 
subsequent  attack  by  bark-boring  insects. 

Evidence  of  infestation. — From  the  time  the  buds  burst  in  the 
spring  until  the  leaves  are  fairly  grown  the  leaves  show  irregular  holes 
made  by  the  beetles.  Later  in  the  season  more  of  the  injured  leaves 
are  skeletonized  from  below  (fig.  21,  a)  by  yellowish  black  to  blackish 
yellow  larvae  (fig.  21,  J,  e^  f)  up  to  half  an  inch  in  length,  which  may 
also  be  observed  crawling  along  the  trunk.  Clusters  of  5  to  20  or 
more  orange-yellow,  elongate-oval,  tapering  eggs  standing  on  end 
(fig.  21,  c)  in  two  dr  three  irregular  rows  occur  on  the  underside  of 
leaves,  and  naked  orange-colored  pupae  (fig.  21,  g)  in  crevices  and 
under  scales  on  the  bark  and  on  the  ground  at  the  base  of  trees. 

Seasonal  history  and  habits. — The  winter  is  passed  in  the  adult  or 
beetle  condition  in  any  suitable  shelter.  When  the  buds  begin  to 
swell  in  the  spring  the  beetles  issue  from  their  winter  quarters,  mate, 
and  feed  upon  the  leaflets.  When  the  leaves  are  fairly  well  grown 
the  females  begin  their  egg  laying.  In  about  a  week  the  eggs  hatch 
into  larvae,  which  begin  to  feed  at  once.  Larvae  reach  full  growth 
in  15  to  20  days  and  transform  to  pupae,  which,  6  to  10  days  later, 
change  to  beetles.  In  Washington  two  generations  are  produced 
annually,  the  eggs  of  the  second  generation  appearing  in  July. 

Control. — Whenever  there  is  evidence  that  the  insect  is  present  in 
large  numbers,  spray  the  trees  with  lead  arsenate  (p.  11)  just  after 
the  buds  have  burst  and  again  two  weeks  later.  Aim  to  spray  the 
underside  of  the  leaves.  Rains  soon  after  spraying  may  necessi- 
tate third  and  fourth  applications  of  the  poison  to  keep  the  trees 
fresh  and  green.  Destroying  the  pupae  at  the  base  of  trees  by  dig- 
ging up  and  exposing  to  weathering  or  by  pouring  hot  water  or  thick 
soapsuds  over  them  will  assist  in  keeping  the  beetle  down. 

Simultaneous  community  action,  by  individuals  cooperatively  or 
by  the  local  government,  is  indispensable  in  the  work  of  combating 
this  insect,  because  unless  all  trees  in  a  community  are  treated  at  the 
same  time  the  results  will  be  unsatisfactory'.  Cooperative  action  is 
advisable  because  elm  trees  are  usually  large  and  require  costly  spray- 
ing apparatus.  Treatment  of  individual  private  trees  by  the  com- 
munity outfit  should  be  arranged  for,  in  order  that  no  trees  may  be 
loft  imtreated. 


"  aalerurella    luteola    Mflll. 
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Fig.  21. — The  imported  elm  leaf-beetle:  a.  Foliage  of  European  elm  showing 
method  of  work  of  beetle  and  larva ;  h,  adult  beetle ;  c,  egg  mass ;  d,  young 
larva ;  c,  full-grown  larva ;  f,  mouth  parts  of  full-grown  larva ;  £/,  pupa ;  a, 
Natural  size;  h,  c,  d,  e^  g,  greatly  enlarged;  /,  still  more  enlarged.     (Howard.) 
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FALL  WEBWORM." 

Recognition  of  work, — In  the  latter  part  of  summer,  trees  are  often 
found  bearing  on  the  limbs  conspicuous  web§  (fig.  22)  inclosing 
skeletonized,  usually  brown  leaves  and  numerous  hairy  caterpillars. 
These  are  the  tents  of  the  fall  webworm.  The  unsightly  nests  mar 
the  appearance  of  the  trees  and,  in  years  of  abundance,  defoliation 
of  whole  rows  of  trees  may  be  caused  by  these  worms. 

Habits  and  seasonal  history. — In  Washington,  D.  C,  the  fall  web- 
worm completes  two  life  cycles  annually ;  less  to  the  north  and  more 


Fio.  22.— The  fall  webworm:  Web  and  caterpUlars.     (GUL) 

to  the  south.  It  passes  the  winter  in  the  pupa  state  in  sheer  silk 
cocoons  (fig.  23)  in  such  places  as  among  sticks  and  rubbish  at  the 
surface  of  the  ground,  in  cracks  and  crevices  of  tree  boxes  and  fences, 
under  doorsteps,  and  on  basement  walls.  In  May  the  pupae  change 
to  moths  (fig.  23)  which  lay  their  eggs  in  flat  batches  of  400  to  500 
on  the  imderside  of  leaves.  The  young  worms,  hatching  from  the 
eggs,  feed  in  colonies,  webbing  first  one  leaf,  then  several  together., 
and  eventually  covering  sometimes  all  of  a  good-sized  limb.     These 

^*  Hyphantria  cunea  Dniry. 
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worms  attain  full  growth  in  July,  leave  the  web,  and  crawl  down  the 
trunk  of  the  tree  to  pupate.  Late  in  August  the  year's  second  crop 
of  their  tents  is  in  evidence.- 

Control, — Natural*  agencies,  and  particularly  parasitic  and  preda- 
cious insects,  usually  keep  the  fall  webworm  in  check.  When  they 
become  excessively  abundant  they  are  invariably  attacked  by  a  va- 
riety of  insect  enemies  and  by  a  veritable  epidemic  of  diseases  which 
destroy  great  numbers  of  the  caterpillars,  so  that  they  are  usually 
numerous  not  more  than  two  years  in  succession. 

The  most  practical  remedies  against  the  fall  webworm  are  the 
destruction  of  the  cocoons,  burning  the  tents,  and  spraying  the  in- 
fested trees  with  lead 
arsenate  (p.  11).  The 
methods  to  be  employed 
are  the  same  as  those 
recommended  for  the  tus- 
sock moth. 

WHITE-MARKED  TUSSOCK 
MOTH.*^ 

How  injurioics,  —  The 
white-  marked  tussock 
moth  is  one  of  our  worst 
shade-tree  pests.  Under 
favorable  conditions  it  is 
capable  of  increasing  to 
enormous  numbers,  and 
its  caterpillars  may  com- 
pletely defoliate  the  shade 
and  park  trees  of  a  com- 
munity. Excepting  coni- 
fers, it  attacks  almost 
every  variety  of  tree,  and 

especially    poplar,    soft    Fio.     23.— Fan     webwann:     Moths    and    cocoons. 
maple,    elm,    alder,    birch,  Natural  size.      (Howard.) 

and  willow.  It  is  most  destructive  in  cities.  The  caterpillars  are 
given  to  migration,  and  the  cocoons  made  by  them  may  be  located 
in  almost  any  place  that  offers  some  measure  of  shelter.  It  is  not 
abundant  every  year,  being  in  the  meantime  kept  in  check  by  natural 
agencies,  principally  parasitic  insects. 

Signs  of  infestation, — From  September  until  the  following  spring, 
conspicuous,  glistening  white,  frothy-looking  egg  masses  (fig.  24,  h) 
may  be  observed,  mostly  low  down  on  the  trunk  of  the  tree  or  on  the 


*•  Hemerooampa  leucostigma  S.  &  A. 
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main  limbs.  In  the  spring  and  sunmier,  leaves  partly  or  entirely 
eaten  by  the  caterpillars  are  in  evidence.  These  caterpillars  when 
full  grown  are  more  than  an  inch  in  length,  with  red  head,  three  long 
black  plumes  at  the  extremities  of  the  body,  and  four  yellow,  brush- 
like  tufts  with  two  red  spots  behind  them  on  the  back  (fig.  24,  a). 
Cocoons  and  egg  masses  (fig.  24,  i,  k)  occur  on  the  bark  of  the  trunk. 


Pig.  24.— White-marked  tussock  moth:  o.  Larva;  5,  female  pupa;  o,  male  papa: 
dj  e,  male  moth ;  /,  female  moth ;  g,  same  ovipositing ;  h,  egg  mass ;  i,  male 
cocoons;  k,  female  cocoons,  with  moths  carrying  eggs.  All  slightly  enlarged 
(Howard.) 

branches,  and  occasional  leaves  in  localities  where  more  than  one 
generation  is  produced  annually. 

Seasonal  history  and  habits. — From  the  overwintered  eggs  the 
caterpillars  hatch  in  April  and  May  and  immediately  begin  to  skele- 
tonize the  leaves,  later  eating  holes  through  them,  and  finally  devour- 
ing all  but  the  main  veins.  Often  they  may  be  observed  swinging 
from  the  tree  on  a  silken  thread,  and,  when  caught  by  wind  or  pa.ss- 
ing  objects,  are  transported  to  other  trees.  They  remain  as  cater- 
pillars from  a  month  to  five  weeks,  shedding  the  skin  five  times  in 
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the  course  of  their  growth.  When  nearly  full  grown  they  are  great 
travelers,  especially  from  defoliated  trees.  When  full  grown  the 
caterpillars  spin  delicate  grayish  cocoons  of  silk,  mixed  with  hairs 
from  their  bodies,  and  within  these  cocoons  they  transform  to  pup» 
(fig.  24,  6,  c)  and,  about  two  weeks  later,  these  change  into  moths 
(fig.  24,  d^  e^  f)  of  which  the  females  are  wingless.  Mating  and  egg 
laying  take  place  soon  afterwards.  Three  generations  of  the  insect 
are  produced  annually  in  Washington,  D.  C. ;  two  or  only  one  north 
of  that  city. 

Remedies. — ^Destroy  the  eggs  in  the  winter  either  by  hand  picking 
or  scraping  them  off  and  burning,  or  by  spraying  or  dabbing  with 
creosote  oil,  mixed  with  turpentine  to  keep  it  liquid  in  winter.  As 
soon  as  injury  by  the  caterpillars  is  noticed,  spray  infested  foliage 
with  lead  arsenate  (p.  11).  Hand  picking  or  any  simple  device  will 
do  for  treatment  of  the  eggs.  For  spraying  purposes  a  spray  pump 
is  necessary,  and  the  size  of  the  equipment  will  vary  with  the  amount 
of  work  to  be  done.  A  barrel  pimip  mounted  on  a  horse-drawn  cart 
with  one  or  two  50  to  100  foot  leads  of  garden  hose  and  a  10-foot 
bamboo  rod  with  a  spray  nozzle  at  the  end  will  do  for  a  small  town. 
Cities  will  find  advantage  in  horse  or  motor-drawn  power  spray 
pumps.  The  catalogues  of  reliable  spray-pump  manufacturers,  giving 
detailed  information,  are  procurable  in  most  seed,  pump,  or  hardware 
stores  and  should  be  consulted. 

Essentials  of  successful  control. — ^Thoroughness,  concerted  com- 
munity action,  and  cooperation  are  essential  for  success.  Leave  as 
few  surviving  eggs  or  caterpillars  as  possible.  Treatment  of  a  tree 
here  and  there,  now  and  then,  protects  no  trees,  not  even  those  treated. 
All  or  most  trees  must  be  treated  the  same  season,  whether  this  be 
done  by  citizens  individually  or  as  a  community  organization.  The 
trees  attacked  are  usually  large.  Where  spraying  must  be  resorted 
to,  the  requisite  apparatus  is  too  expensive  for  the  average  individual, 
and  can  be  bought  (or  hired)  and  operated  only  cooperatively,  either 
through  local  governments  or  other  civic  organizations. 

LOCUST  LEAF-MINER* 

Evidence  of  work  cmd  seriousness. — About  the  time  the  locust 
leaves  become  full  grown  they  are  often  observed  to  turn  brown,  as 
if  fire  scorched.  Entire  trees  and  groyes  of  locust  may  assume  this 
appearance.  But  aside  from  marring  their  appearance  the  injury 
to  the  trees  is  generally  less  real  than  apparent.  No  later  than  the 
following  spring  the  trees  are  sure  to  put  out  a  fresh,  healthy  set  of 
leaves,  as  if  nothing  had  happened. 


^ChalepU  doraaJis  Thunb. 
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Cause  of  injury, — The  locust  leaves  turn  brown  mainly  because  the 
green  tissue  within  them  is  being  hollowed  out — ^^  mined,"  we  call  it— 
by  the  flattened  grubs  (fig.  25,  6)  of  this  beetle;  while  the  blister-Hke 
effect  on  them  is  produced  by  the  surface  feeding  pits  made  by  their 
parents.  The  parents  of  these  grubs  are  about  one- fourth  inch  long; 
they  are  flattened,  orange-red  beetles  (fig.  25,  a)  with  an  area  along 
the  middle  of  the  back,  the  head,  appendages,  and  underside  black, 
and  the  wing  covers  deeply  pitted.  This  is  the  stage  in  which  the 
winter  is  passed.  In  the  spring,  about  May,  in  the  District  of  Co- 
lumbia, they  appear  on  the  leaves,  feed,  and  begin  laying  eggs  in 
batches  of  from  3  to  5.  From  these  the  grubs  hatch  and  immediately 
penetrate  to  the  inside  of  the  leaf  which  they  hollow  out.  On  attain- 
ing full  growth  these  grubs  change  to  pupae  (fig.  25,  c)  which,  in 
turn,  change  to  adults  that  come  out.  These  also  feed  on  the  leaves 
and  thus  help  to  complete  their  destruction.  There  is  apparently  but 
one  generation  produced  annually  in  the  latitude  of  the  District  of 
Columbia. 


a  o 

Fig.  25. — TiOcust  leaf-miner :  a.  Beetle ;  5,  larva ;  r,  pupa.     Five  times  natural  alse. 

(Chittonden.) 

Remedy. — It  is  only  specially  prized  trees  that  are  worth  treating, 
and  on  these  an  application  of  lead  arsenate  (p.  11)  as  soon  as  the 
leaves  appear  early  in  the  season  will  kill  the  grubs  as  they  issue 
from  the  eggs  and  before  they  penetrate  the  leaf  epidermis,  and  thus 
the  injury  will  be  stopped. 

GREEN-STRIPED  MAPLE  WORM." 

Hoio  injurious, — Some  years  the  green-striped  maple  worm  is  a 
troublesome  insect  on  maple  trees,  especially  silver  and  swamp 
maples.  In  the  absence  of  these,  however,  it  has  been  found  to  feed 
on  and  defoliate  other  trees.  It  is  capable  of  completely  denuding 
the  foliage  twice  or  even  three  times  during  the  same  season,  not 
only  of  entire  trees  but  of  entire  rows  and  groves  of  them.  Aside 
from  disfiguring  the  trees  for  the  time  being,  the  defoliation  also 
weakens  them. 


"JniKofa  ruhicunda   F'ab. 
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The  insect  and  its  habits. — When  full  grown  this  maple  worm  is  a 
smooth  caterpillar  (fig.  26,  rf,  e)  about  2  inches  long,  pale  yellowish 
green  in  color,  striped  lengthwise  with  dark  green,  and  having  a  pair 
of  long  black  horns  just  back  of  the  head  and  a  number  of  black  pegs 
along  the  sides  and  at  its  hind  end.  These  caterpillars  enter  the 
ground,  there  changing  to  pupae  (fig.  26),  /),  from  which  the  moths 
issue  in  about  two  weeks.    The  moth  is  a  woolly-bodied,  pink-shaded, 


Fig.  26. — The  green-striped  maple  worm  in  all  Its  farms :  a.  Female  moth  and  antenna 
of  male  moth ;  6,  egg  showing  embryo  within  ;  c,  portion  of  egg  mass ;  d,  full-grown 
larra  from  side;  e,  same  from  back;  f,  pupa.     Enlarged.     (Howard  and  Chittenden.) 

pale  yellow  insect  with  a  wing  spread  of  about  2  inches  (fig.  26,  a). 
After  mating  the  female  lays  on  the  underside  of  leaves  about  150 
eggs  (fig.  26,  6,  c),  from  which  the  caterpillars  hatch  in  about  10  days. 
The  insect  overwinters  in  the  pupa  state  in  the  ground  and  the  first 
generation  of  moths  issues  from  them  in  May  or  June,  depending  on 
the  locality,  which  also  determines  whether  two  or  three  crops  of  the 
caterpillars  are  produced  annually.  The  green-striped  maple  worm 
is  a  native  of  North  America,  and  this  accounts  for  the  periodicity  of 
its  abundance.  In  the  intervals  between  outbreaks  it  is  kept  in  check 
by  its  natural  enemies,  including  birds  and  parasitic  insects.    It  is 
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more  abundant  in  the  Middle  West  than  in  the  East,  although  it  is 
more  or  less  generally  distributed  east  of  the  100th  meridian. 

Remedies. — On  specially  prized  smaller  plants  some  relief  from 
this  pest  may  be  obtained  by  hand  picking  and  destroying  the  cater- 
pillars. Sizable  trees  should  be  sprayed  with  lead  arsenate  (p.  11) 
as  soon  as  the  caterpillars  appear,  to  protect  them  from  defoliation. 
In  case  of  maple  groves  or  suitably  located  individual  trees  it  has 


Fig.  27. — Cluster  of  full  grown  walnut  caterpillars,  showing  peculiar  poses^  long  bain, 
and  clustering  habit.     (Photograph  by  Cramer,  Washington.  D.  C,  Sept.  27,  1919.) 

been  found  possible  to  protect  them  from  a  repetition  of  defoliation 
by  digging  around  them  a  trench  about  a  foot  deep,  with  the  outer 
wall  sloping  under,  and  destroying  the  caterpillars  and  pupae  that 
collect  in  them. 

WALNUT  CATERPILLAR." 

Horn  injurious. — When  there  are  enough  of  them,  these  caterpillars 
(fig.  27)  strip  walnut  trees  bare  of  leaves.  Other  trees  also, 
especially  butternut  and  hickory,  are  likely  to  suffer  the  same  fate, 

*"  Datana  integerrima  G.  &  R. 
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Successive  defoliation  in  many  instances  kills  the  trees.  The  walnut 
caterpillar  is  more  abundant  and  therefore  more  destructive  some 
years  than  others. 

How  recognized, — When  this  insect  is  present  pieces  of  leaves 
begin  to  disappear  in  late  summer  and  early  fall,  eaten  by  the  gre- 
gariously feeding  caterpillars,  which  when  full  grown  are  black, 
covered  with  dirty  gray  hairs,  and  nearly  2  inches  in  length.  When 
disturbed  caterpillars  rear  at  head  and  tail  ends  (fig.  27)  in  an 
unusual  manner.  On  the  trunk  and  larger  branches  of  infested  trees 
large  clusters  of  caterpillars  or  their  cast  skins  may  be  observed. 

The  insect  and  its  Twhits. — On  maturity  the  caterpillars  crawl 
down  the  trunk  of  the  tree  an  inch  or  two  into  the  ground  and  there 
transform  into  chrysalids.    In  this  shape  they  overwinter,  remaining 
in    the    ground    until    the 
following  July,  when   the 
moths  issue  from  them  and 
lay   their  whitish   eggs  in 
clusters  of  75  to  100  on  the 
underside  of  the  leaves  se- 
lected as  food  for  the  cater- 
pillars   that    hatch    from 
them.    The  habit  of  feeding 
and    molting   gregariously 
is   a   characteristic  of  this 
insect. 

Remedies. — Collect     and 

destroy  the  clustered  CJtter-      *'''<'•  28.— caterpillar  of  cotton  wood  dagger  moth. 
•n  J?      1-  X     •  (Riley.) 

pillars  feeding  on  twigs  or 

molting  on  the  trunk  and  branches.    Failing  this,  and  if  the  facilities 

are  at  hand,  spray  infested  trees  with  lead  arsenate  (p.  11). 

COTTONWOOD  DAGGER  MOTH." 

How  injurious, — In  prairie  regions  the  caterpillar  of  the  cotton- 
wood  dagger  moth  is  a  serious  enemy  of  cottonwood  and  willow 
trees,  which  it  often  strips  of  foliage.  As  these  trees  are  important 
in  these  regions  for  purposes  of  timber  and  shelter,  this  defoliation 
is  a  serious  matter. 

The  insect  and  its  habits, — The  caterpillar  (fig.  28)  is  densely 
covered  with  long,  soft,  drooping,  yellow  hairs,  bears  five  rather 
long,  stiff  tufts  of  black  hairs  along  the  back,  and  when  at  rest 
it  lies  curled  up  on  the  underside  of  a  leaf.  When  full  grown  it 
retires  to  some  cranny  where  a  silken  cocoon,  intermixed  with  its 
hairs,  is  spun  and  within  it  the  change  to  chrysalis  takes  place. 


*  A^tela  popuH  Riley. 
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In  this  form  it  overwinters  and  the  following  spring  the  pale  gray 
moth  emerges  from  it.  The  moths  are  night  flyers  and  lay  their 
eggs  on  the  host  plant,  one  in  a  place.  Two  cycles  are  completed  in 
the  course  of  the  year  in  the  latitude  of  Nebraska. 

Remedy. — Spray  infested  trees  with  lead  arsenate  (p.  11). 


Fig.  29. — Spiny  elm  caterpillar:  7,  Cluster  of  eggs  on  leaf  stem;  8,  one  egg,  mach 
enlarged ;  9,  caterpillar  feeding ;  10,  chrysalis  hanging  from  leaf  st^m  ;  11,  batterfly 
with  spread  wings.  Egg  cluster  and  caterpillar  on  elm  twig  showing  characteristic 
appearance  after  feeding  by  the  caterpillars.     (Felt.) 

SPINY  ELM  CATERPILLAR.** 

How  injurious. — The  spiny  elm  catei;pillar  feeds  on  elm,  willow, 
poplar,  and  hackberry  leaves.    The  amount  of  injury  depends  on  the 

'^  Euvaneaea  anUopa  L. 
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number  of  caterpillars  present,  but  when  abundant  these  are  known 
to  defoliate  entire  branches  and  trees.  In  our  prairie  regions,  where 
trees  are  so  scarce  and  precious,  the  injury  to  willows  and  poplars 
is  most  serious. 

Appearance  and  habits. — ^If  parts  of  leaves  are  missing  or  entire 
branches  or  trees  are  bare  and  stocked  with  black,  red-marked,  spiny 
caterpillars  (fig.  29,  d),  about  2  inches  long,  feeding  in  groups,  it  is 
safe  to  conclude  that  this  insect  is  the  one  responsible  for  the  damage. 
On  maturing  the  caterpillars  change  to  strange  looking  sea-shell 
shaped  chrysalids  (fig.  29, 10)  which  may  be  found  suspended  from  a 
limb  and  fastened  to  it  by  the  small  end.  After  a  few  weeks  the  beau- 
tiful butterfly,  known  as  the  "  mourning  cloak  "  (fig.  29,  7i) ,  the  first 
butterfly  to  appear  in  the  open  in  early  spring,  issues  and,  after 
mating,  lays  a  batch  of  from  300  to  400  eggs  (fig.  29,  7,  <^)  in  a  ring 
about  the  twig  of  the  food  plant.    From  one  to  three  generations  are 


f 

Fio.   30. — A  hackberry  butterfly,  OWoWppc  oeIN«;  a.  Eggs;  6,  larva,  dorsal  view; 
e,  d,  cfarjrsalis,  dorsal  and  lateral  views;  e,  \mago,  male,  dotted  line  showing  form 
of  female.      (Riley.) 

produced  annually.    The  insect  overwinters  in  the  adult  stage,  the 
butterflies  hiding  under  rocks  and  bark  scales  for  protection. 

Remedies. — Spray  with  lead  arsenate  (p.  11)  as  soon  as  signs  of 
injury  are  observed.  In  some  cases  the  twigs  with  clustered  cater- 
pillars may  be  cut  off  and  the  caterpillars  destroyed  by  crushing, 
burning,  or  dipping  in  kerosene. 

HACKBERRY  BUTTERFLIES." 

How  injimous. — The  caterpillars  of  these  butterflies  feed  on  hack- 
berry  leaves  wherever  these  trees  grow  and  often  greatly  mar  their 
appearance.    As  the  hackberry  is  extensively  grown  as  a  shade  tree 

»  Chlorippe  celHs  Bdv.  and  C.  clyton  Bdv. 
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Fio.  81. — Streaked  cottonwood  leaf-beetle 
(Melasoma.  scripta),  showing  variation  in 
markings.     (Rlley.) 


in  the  Middle  West,  the  injury  of  these  insects  assumes  lively  im- 
portance. 

AppearaTice  and  habits. — Attention  is  drawn  to  the  insect  by  hack- 
berry  leaves  which  show  signs  of  being  eaten  away,  and  green  cater- 
pillars with  pale  spots  and  lines  along  the  back  and  projections  on 
head  and  rear  (fig.  30,  b)  are  found  on  the  underside  of  leaves.  The 
caterpillars  change  to  chrysalids  (fig.  30,  c,  d)  in  folded  leaves  and 
later  to  russet-gray,  brown-spotted  buterflies  (fig.  30,  e),  which,  after 
mating,  lay  their  eggs  singly  (in  one  case,  fig.  30,  a)  or  in  batches  of 

300  to  500.  Two  generations 
are  produced  annually,  the  sec- 
ond-stage caterpillars  of  the 
last  generation  falling  to  the 
ground  with  the  leaves  they 
are  on  and  passing  the  winter 
there. 

Remedies. — The  leaves  may 
be  raked  up  and  burned  in  the 
fall  or  the  infested  £rees  sprayed  with  lead  arsenate  (p.  11)  while  the 
caterpillars  are  feeding. 

COTTONWOOD,  POPLAR,  AND   WILLOW   LEAF-BEETLES." 

How  injurious. — Poplar,  cottonwood,  and  willow  leaf-beetles  arc 
particularly  injurious  because  their  adults  as  well  as  young  or  larvse 
derive  their  nourishment  from  eating  the  leaves  of  these  trees,  and, 
as  they  produce  from  three  to  five  generations  annually,  they  are 
capable  of  keeping  the  trees  in  a  constant  state  of  defoliation.  They 
are  most  prevalent  in  the  Northern  States,  are  occasionally  seriously 
injurious,  especially  to  basket  willow  in  the  East,  and  are  an  almost 
constant  drain  on  the  health  of  these  trees  in  the  Middle  West,  where 
tree  life  is  so  scarce  and  precious  that  injury  to  it  is  intolerable. 

How  recognized. — Infestation  is  indicated  by  leaves  of  these  trees 
bitten  part  way  through  in  places  and  entirely  through  in  others 
early  in  the  season,  and  entirely  consumed  later  by  spotted,  soft- 
bodied,  short,  stoutish  grubs  and  spotted  or  striped,  half-inch  long, 
hard-shelled  beetles  (fig.  31),  mostly  on  the  underside  of  leaves  where 
also  batches  of  yellow  or  reddish  eggs  standing  on  end  and  pupae  are 
to  be  found.    The  young  when  disturbed  emit  a  milky  fluid. 

Habits. — The  overwintering  beetles  appear  in  the  spring  as  soon 
as  growth  starts  on  these  trees  and  promptly  begin  eating  this  growth. 
After  feeding  awhile  they  lay  clusters  of  eggs  from  which  the  soft- 

'^MeUuoma  scripta  Fab.,  M.  lapponica  L.,  M,  tremulae  Fab.,  and  others. 
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bodied  grubs  hatch  and  begin  eating  away  the  underside  of  the  leaf. 
When  after  several  molts  they  are  full  grown,  they  partly  cast  the 
last  skin  and  pupate  in  it  fastened  to  the  leaf.  "Hangers"  they 
are  called  in  some  sections  of  the  coimtry,  where  the  beetles  issuing 
from  them  are  known  as  ."  hard  shells."  During  the  growing  sea- 
son the  generations  overlap,  owing  to  more  rapid  development  of  some 
and  slower  growth  of  others,  so  that  all  stages,  from  egg  to  adult, 
may  be  found  at  the  same  time. 

Remedy. — Spray  with  lead  arsenate  (p.  11),  especially  as  soon  as 
growth  starts.  Direct  the  ^pray  against  the  underside  of  the  leaves 
and  for  smooth  leaves  add  soap  (p.  14)  so  that  the  spray  will  stick 
to  the  leaves. 

LARGE  ELM  AND  WILLOW  SAWFLY." 

How  injurious. — More  commonly  in  the  Middle  West,  and  locally 
in  the  East,  the  large  elm  and  willow  sawfly  has  been  observed  com- 
pletely defoliating  willow  and  elm  trees  and  groves,  and  occasionally 
poplar  and  other  trees.  As  stated  in  connection  with  other  defoliating 
insects  occurring  in  the  Middle  West,  such  outbreaks  are  pathetic  in 
view  of  the  solicitude  with  which  trees  are  regarded  there  and  the 
disappointment  entailed  when  they  are  found  undergoing  despoliation. 

How  recognized. — Occasionally  the  tops  of  these  trees  look  as  if 
overrun  by  fire  from  the  girdling  of  the  bark  of  the  twigs  by  the 
adult  sawfly  (fig.  32,  6).  More  often,  however,  their  leaves  are 
found  blistered  by  eggs  or  larvae  in  pockets  (fig.  32,  a)  or  eaten  by 
cylindrical,  coiled,  yellowish-white  worms  (fig.  32,  e,  e)  with  a  black 
line  down  the  middle  of  the  back. 

Habits. — The  caterpillar-like  insects  that  eat  the  leaves  attain  full 
growth  about  July  or  August  and  descend  to  the  base  of  the  tree 
where  they  spin  a  tough,  coarse,  silken  cocoon  (fig.  32,  /)  among  the 
debris  or  just  below  the  surface  of  the  ground  and  overwinter  there. 
The  following  spring  they  change  to  pupae  (fig.  32,  g^  h)  and  the 
adults,  rather  large,  flylike  insects,  with  four  clear  wings  (fig.  32,  i), 
appear  about  May,  mate,  and  the  females  make  slits  in  the  fleshy  part 
of  the  leaves  and  thrust  their  eggs  (fig.  32,  c)  into  these  pockets  and 
from  these  the  young  worms  (fig.  32,  d)  come  out  to  feed  soon  after 
hatching. 

^  Cimbew  amerioana  Leach. 
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Remedies. — Winter  burning  the  rubbish  and  breaking  up  the 
ground  at  the  base  of  infested  trees  should  destroy  many  of  the  in- 
sects. Where  practicable,  hand  picking  of  worms  or  infested  leaves 
early  in  the  spring  is  a  great  help.  Finally,  lead  arsenate  (p.  11)  is 
always  a  reliable  stand-by  against  these  insects. 


f 


Fig.  32. — Large  elm  and  willow  sawfly :  o.  Willow  leaves  showiD^  location  of  eggs;  ft, 
twig  showing  incisions  made  by  adult ;  c,  egg ;  d,  newly-hatched  larra ;  e,  e,  mature 
lanrse ;  f,  cocoon  ;  g,  open  cocoon  showing  pupa ;  h,  pupa,  side  view ;  i,  mature  Awfly ; 
j,  k,  saw  of  female;  c,  d,  j,  k,  much  enlarged,  the  rest  less  enlarged.     (Riley.) 

BARK,  WOOD,  AND  TWIG  BORING  INSECTS. 

GENERAL. 

Boring  insects  secure  their  nourishment  either  by  extracting  it  from 
chips  of  bark  and  wood  that  they  bite  off  and  swallow  as  they  bur- 
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row  or  by  feeding  on  the  sap,  depending  on  whether  they  feed  in  the 
dead  wood  or  in  the  sapwood.  Their  injury  to  shade  trees  is  along 
two  directions:  (1)  When  their  burrows  do  not  kill  the  tree  or  limb, 
they  admit,  on  the  body  of  the  boring  insect  or  in  the  moisture  that 
penetrates  their  excavations,  diseases  which  rot  and  ultimately  dis- 
able or  kill  it;  (2)  when  their  burrows  in  that  life-giving  layer 
located  between  the  bark  and  wood  extend  around  the  limb  or  tree, 
the  circulation  of  sap  between  roots  and  leaves  is  arrested  and  death 
ensues  quickly.  In  the  case  of  timber  the  burrows  also  reduce  in 
grade  the  lumber  cut  from  it  or  make  it  entirely  worthless.  More- 
over, the  work  of  these  insects  is  hidden  from  view,  so  that  too  often 
it  is  discovered  when  it  is  too  late  to  save  the  tree.  For  these  several 
reasons  the  presence  of  borers  in  trees  is  particularly  dangerous  and 
must  be  guarded  against  most  carefully. 

Because  they  feed  and  live  most  of  their  lives  out  of  sight  they 
are  beyond  reach  of  the  usual  poison  or  contact  insecticides.  The 
use  of  certain  preparations,  like  poisoned  miscible  oil  or  kerosene 
emulsion  or  carbon  disulphid,  as  will  be  pointed  out  under  the  re- 
spective insects,  is  practicable  in  a  few  instances.  In  the  majority 
of  cases,  however,  the  healthy  trees  can  be  saved  only  by  opportune 
sacrificing  of  those  that  are  badly  infested,  or,  in  some  cases,  by 
stimulating  the  growth  and  well-being  of  those  just  invaded  by  these 
insects.  Protection  of  shade  trees  from  boring  insects  rests,  there- 
fore, almost  wholly  on  preventive  measures.  Trees  well  nourished, 
protected  from  all  manner  of  injury,  and  otherwise  well  cared  for 
are  more  nearly  immune  to  attack  by  boring  insects  than  those  not 
so  cared  for.  In  a  neighborhood,  community,  grove,  or  park  where 
a  majority  of  the  individuals  of  a  given  borer  are  destroyed  the  re- 
maining trees  will  successfully  resist  attack  and  be  saved  thereby. 

SUGAR-MAPLB  BORER.'" 

How  injurious, — In  some  sections  of  the  country,  especially  along 
roadsides  in  New  York  State,  the  sugar-maple  borer  is  regarded  as 
the  most  serious  enemy  of  this  tree.  It  attacks  trees  in  full  vigor, 
killing  large  limbs  and  entire  trees.  The  serious  damage  is  done  by 
the  grubs,  especially  when  their  burrows  meet  so  as  to  girdle  the  tree 
or  limb. 

Signs  of  horer  presence. — When  the  borer  is  present  the  trees  show 
dead  limbs  here  and  there ;  ridges  and  dead  spots  appear  on  the  bark 
(fig.  33,  /,  ia),  or  naked  scars  on  the  branches  and  trunk,  especially 
near  the  base  of  the  larger  limbs,  sometimes  with  oval  holes  three- 
eighths  to  five-eighths  inch  in  diameter, and  "sawdust "  (fig.  33,  6)  at 
— ■ 

^  Ploffionotus  tpeoioiun  Say. 
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the  base  of  the  tree  or  in  bark  crevices;  the  foliage  on  a  large  limb 
suddenly  wilts,  dries  up,  and  dies  with  sap  and  small  masses  of  f  rass 

flowing  from  some  point. 
Any  one  or  a  combination 
of  several  of  these  signs 
indicates  the  work  of  this 
borer. 

Desert ption^  seasonal 
histojn/,  and  habits  of  the 
inseet. — The  borer  is  a 
whitish  grub  (fig.  33,  2) 
about  one-half  inch  long 
with  brownish  mouth 
parts,  located  at  the  end 
of  the  burrow  in  the  sap- 
wood,  or  about  2  inches 
long  and  of  similar  shape 
and  color  in  a  larger  bur- 
row somewhat  deeper  in 
the  wood  (fig.  33,^).  The 
parent  insect  is  a  beetle 
about  1  inch  long,  stout, 
shorthomed,  black,  bril- 
liantly marked  with  yel- 
low (fig.  33,  4).  It  comes 
out  between  June  and 
August  through  oval  holes 
in  the  bark  (fig.  33,  5). 

Remedies. — Dying  trees 
or  limbs  should  be  cut 
down  and  burned  before 
June,  so  as  to  kill  the 
grubs  in  them  before  they 
have  transformed  into 
adults  and  emerged.  Spe- 
cially prized  trees  should 
be  examined  in  the  fall 
and  spring  for  signs  of 
the  insect,  and  the  borers 
killed  either  by  cutting 
them  out  (in  which  case 
cut  surfaces  should  be 
covered  with  creosote-tar  mixture  or  good  white-lead  paint  (see 
p.  14-15),  or  by  forcing  a  flexible  wire  to  the  end  of  the  burrow,  or 


Fig,  33. — Sugar-maple  borer  and  work:  I,  Place 
where  egg  was  laid;  la,  another  more  than 
normally  discolored  and  showing  borings  thrown 
out  by  borer ;  8,  grub  in  September  from  egg 
laid  the  same  season  ; .?,  grub  nearly  full  grown  ; 
-i,  beetle ;  r,.  hole  through  which  beetle  escaped ; 
6,  borings   packed   in   l)urrow.      (Felt.) 
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by  injecting  carbon  disulpliid  (p.  14)  into  the  holes  and  promptly 
plugging  them  with  clay,  putty,  or  similar  substance.  Where  facili- 
ties are  at  hand  the  trunk  and  larger  branches  of  the  trees  may  be 
sprayed  in  the  late  sxmimer  with  poisoned  kerosene  emulsion  (p.  12- 
13)  or  miscible  oil  (p.  12),  which  will  reach  and  kill  the  borers  that 
have  just  penetrated  the  bark.  Care  should  be  taken  to  avoid  spray- 
ing the  foliage,  as  this  is  injured  by  the,se  solutions. 

ELM  BORER.'' 

Sign^  of  attack, — Elm  trees  only  are  subject  to  injury  by  this 
borer.  The  leaves  of  tops  or  ends  of  branches  of  infested  trees  turn 
brown  and  fall  in  summer,  after  which  tops  and  branches  here  and 
there  die,  as  shown  by  their  failure  to  leaf  out  in  the  spring,  and  in 
two  or  three  years  the  entire  tree  is  killed.  Thorough  search  of  the 
trunk  and  larger  branches  of  dying  trees  discloses  patches  of  dead, 
readily  peeling  bark  with  burrowing  roundheaded  grubs  beneath  it 
(fig.  34, 1),  Tliis  is  the  form  of  the  insect  that  does  the  injury,  and 
when  the  limb  or  tree  is  girdled  by  the  burrows  (fig.  34,  S)  its  doom 
is  sealed* 

IIow  destructive, — Trees  growing  in  unfavorable  environment, 
particularly  in  cities,  are  most  subject  to  attack  by  this  borer,  and 
then  apparently  only  when  the  trees  have  been  previously  weakened 
by  some  other  agency.  Hence  it  becomes  epidemic  only  occasionally, 
but  on  such  occasions  it  is  apt  to  wipe  out  the  trees  on  entire  blocks 
of  some  communities. 

Distribution, — The  elm  borer  probably  occurs  generally  through- 
out the  northeastern  United  States. 

Description  and  seasonal  histonj, — The  parent  insect  is  a  gray, 
long-horned  beetle  (fig.  34,  4)^  about  one-half  inch  long  and  marked 
with  red  lines  and  black  spots.  Its  flying  period  is  between  May 
and  August.  At  that  time  the  eggs  are  laid  singly  or  in  groups  on  the 
bark,  where  they  hatch  into  tiny,  footless  grubs  which  promptly 
tunnel  through  it  to  the  cambium  layer.  Here  they  excavate  con- 
tinuously wider  cavities  to  accommodate  them  as  they  grow.  These 
tunnels,  when  they  reach  around  the  tree  or  limb,  girdle  and  kill. 
The  full-grown  grub  (fig.  34,  la)  is  white,  a  little  over  an  inch  in 
length,  thickest  in  front,  but  the  head  is  only  about  half  as  wide 
as  the  segment  immediately  behind  it.  It  is  not  definitely  known 
how  long  the  insect  remains  in  the  grub  stage,  but  on  reaching  full 
growth  it  cuts  out  a  cell  beneath  the  bark  and  pupates  in  it,  looking 
very  much  like  a  mummified  beetle  (fig.  34,  2),  In  the  spring,  about 
May,  these  pupse  change  to  adult  beetles  which  cut  round  holes  in  the 
bark  and  come  out. 


»  Saperda  tridental  a  Ollv. 
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Prevention  of  attack. — Once  a  tree  is  badly  attacked  nothing  can 
save  it  and  the  axe  is  the  best  remedy.  If  this  is  applied  during 
the  winter  or  early  spring,  before  the  beetles  begin  to  emerge,  to  all 
trees  or  infested  branches  of  a  community,  and  the  wood  is  promptly 
burned,  many  of  the  beetles  will  be  destroyed  and  the  rest  of  the 


Pig.  34. — Elm  borer  and  work :  /,  Grub  wltbin  Its  burrow ;  la,  grub  extended ; 
2,  pupa  within  its  cell  Just  under  the  bark :  S,  burrows  of  the  grub  exposed 
by  removal  of  the  bark;  J^,  adult  beetle.     (Felt.) 

trees  saved.  As  indicated  under  "How  destructive,"  removal  or 
prevention  of  the  agencies  causing  the  primary  weakening  of  t\\e 
trees  will  go  far  toward  preventing  the  beetles  from  inflicting  the 
final  fatal  blow.  This  preventive  work  can  best  be  called  scientific 
arboriculture,  and  involves  proper  nourishment  of  the  tree  and  its 
protection  from  injury. 
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LINDEN  BORER." 

How  injurious . — This  insect  apparently  attacks  only  linden,  but 
on  this  it  is  common  and  occasionally  quite  injurious.  It  is  more  or 
less  generally  distributed  over  the  eastern  United  States. 

Ho^o  recognized, — Toward  the  end  of  summer  tips  are  found  killed 
and  the  green  bark  of  growing  shoots,  leaf  stems,  and  larger  veins 
on  the  underside  of  leaves  are  eaten.  This  is  the  work  of  the 
beetles  and  is  quite  noticeable  when  the  insect. is  abundant.  Bur- 
rows made  by  a  slender  grub  occur  under  the  bark  and  deep  in  the 
wood  (fig.  35,  ii,  16)  of  the  trunk  nearer  the  ground,  in  exposed  roots, 
and  in  lower  limbs. 

Hahits  of  the  insect,— The^  beetles  (fig.  35,  iJ),  which  are  long- 
horned  with  six  black  spots  on  the  middle  of  the  back,  issuing  out 
of  holes  (fig.  35, 12)  in  the  bark,  begin  to  appear  in  May,  and  after 


Fig.  35. — Linden  borer  and  work :  11,  Burrows  in  cross  section  ;  12,  circular  exit  liole 
of  the  beetle;  IS,  wound  made  by  borer;  Ik,  frass  thrown  out  by  larva  ;  13,  beetle; 
16,  grub  in  the  gallery  under  the  bark  which  was  cut  away.     (Felt.) 

feeding  awhile  the  females  make  with  their  jaws  slight  incisions  in 
the  bark  and  lay  two  or  three  eggs  in  each.  One  female  lays  about 
90  eggs.  The  grubs  (fig.  35,  16)  that  hatch  from  these  make  the  bur- 
rows mentioned  above  and,  after  an  imdetermined  length  of  time, 
change  to  pupce  and  then  to  beetles  which  leave  the  tree  through 
holes  in  the  bark  throughout  the  summer. 

Remedies. — On  valuable  trees  the  injury  may  be  checked  by  dig- 
ging out  the  borers.  Probing  with  wire,  injections  of  carbon  disul- 
phid  (p.  14),  and  spraying  with  poisoned  miscible-oil  solution  (p. 
13)  in  the  late  summer  are  other  serviceable  means  of  killing  this 
borer.  Heavily  infested  and  badly  damaged  trees  are  best  cut  and 
burned  during  the  winter. 

^Saperda  vestita  Say. 
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ASPEN  BORER." 

Character  of  damage, — The  aspen  borer  is  generally  quite  destruc- 
tive to  poplar  trees  and  particularly  so  to  aspen  and  cottonwood 
throughout  the  United  States,  especially  in  the  Middle  and  Western 
States.  Malformation  of  the  trees,  death  of  limbs  and  often  the 
entire  plant,  and  riddling  of  the  main  trunk  with  large  hales  which 

cause  the  tree  to 
break  off  in  the 
wind,  are  the  usual 
results  of  the  at- 
tack. 

External  evi- 
dence of  infesta- 
tion,— In  June  and 
July  irregular  scars 
occur  on  the  main 
trunk,  especially 
around  the  crotch 
of    branches,    from 

Fig.  36.  -Aspen  borer:  Side  and  top  yiewa  of  beetle.     Ed-  which    Sap    eXUdeS 

larged.    (Hofer.)  and  fibrous  boring 

dust  is  thrust  out.  Later  or  older  evidence  of  infestation  is  the  en- 
largement of  holes,  extrusion  of  more  or  larger  bits  of  frass,  and 
often  the  death  of  limbs.  The  adults  (fig.  36)  are  rarely  seen  because 
they  feed  on  the  young  twigs  and  lay  their  eggs  at  night. 

Deacription  and  hahits. — The  boring  stage  or  larva  (fig.  37)  of  the 
poplar  borer  is  a  yellowish,  cylindrical  grub  which  can  be  distin- 
guished from  all  other  insects  boring  in  poplar  by  the  presence  of 
numerous  fine,  short, 
hard  points  on  a 
plate     immediately 
back  of  the  head.    It 
hatches  from  an  ^g^ 
laid  in  a  scar  on  the 
bark  by   a  grayish 

cvlindrical    beetle       ^^^  ^^- — ^^P^^  borer:  Grub,  much  enlarged.      (Ilofer.) 

(fig.  3G)  with  numerous  brown  spots  over  the  body.  The  eggs  are 
laid  during  the  period  from  May  to  July,  the  young  larvae  mining 
during  the  first  year  beneath  the  bark,  and  during  the  succeeding  two 
years  deep  in  the  wood. 

Rcitru'dies, — For  shade  trees  and  small  plantations  or  gi'oves  spray- 
ing of  infested  trunks  during  the  late  summer  months  with  poisoned 

*^  Haperda  culcarata  Say. 
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kerosene  emulsion  (p.  12-13)  or  miscible-oil  solution  (p.  1^13)  is 
recommended  for  killing'the  very  young  larvae  in  the  outer  bark.     On 
valuable  trees  some  measure  of  relief  may  also  be  obtained  by  paint- 
ing the  eggs  with  creosote  or  carbolineum  or  by  digging  out  and  kill- 
ing the  young  borers  in  early  fall  as  they  begin  to  tunnel  their  way 
into  the  wood.    Heavily  infested  and  badly  damaged  tffees  should  be 
removed    and 
burned  or  ex- 
posed to  drying 
during       the 
winter. 

For  a  full  ac- 
count of  the  as- 
pen borer  see 
Farmers'  Bulle- 
tin 1154  which 
will  be  sent  on 
request. 

BRONZE  BIRCH 
BORER." 

Character  and 
extent  of  inr 
jury,  —  During 
the  past  20  years 
or  so  the  birch 
trees  of  many 
city  and  private 
parks  have  died. 
As  the  top 
branches    die 

first,  the  vitality  fig.  38. — Work  of  bronze  birch  borer  on  trunk  of  white  Wrch; 
of     the     trees        ^""^   removed    to   show    larval    ^allerleK.     Somewhat   reduced.  - 
-,         ,  (Chittenden,) 

g^radually  de- 
teriorates and  finally,  one  or  two  years  later,  the  entire  tree  succumbs. 
This  condition  is  usually  due  to  the  w^ork  of  the  bronze  birch  borer. 
Evidence  of  infestation, — ^The  following  are  signs  that  the  trees  are 
infested :  (1)  Characteristic  reddish  or  rusty  brown  spots  or  discolora- 
tion on  the  white  bark  of  the  trunk  and  larger  branches,  which,  on 
being  cut  through,  usually  disclose  peculiar  winding  burrows  (fig.  38) 
in  the  bark  of  the  wood;  (2)  ridges  (fig.  39)  in  the  bark  on  the  branches 
which  often  develop  over  the  burrows  of  the  insect;  (3)  dying  tops. 

'^Agrilus  atueiua  Gory. 
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Seasonal  history  and  habits. — ^The  borer  itself  (fig.  40,  c) ,  i.  e.,  the 
stage  of  the  insect  mainly  responsible  for  the  damage,  is  a  slender, 
flattened,  footless,  creamy  white  grub,  about  three- 
fourths  inch  long  when  full  grown,  which  transforms 
to  a  small,  slender,  olive-bronze,  winged  beetle  (fig. 
40,  a)  nearly  one-half  inch  in  length.     This  beetle 
emerges  from  the  trees  in  May  or  early  June^  de- 
pending on  the  location  and  season,  and  the  female 
deposits  her  eggs  in  crevices  on  rough  surfacee  of 
the  bark,  several  together.    These  eggs  hatch  into 
tiny  grubs  which  burrow  their  way  through  the 
bark,  underneath  which  they  tunnel  a  zigzag  course 
in  the  bark  and  sapwood  until  they  are  full  grown. 
In  the  autumn  they  excavate  a  chamber  in  the  wood 
or  outer  bark  and  here  spend  the  winter.     About 
April  or  May  the,  following  spring  they  transform 
,  to  pupse,  and  these  into  the  adults  which  gnaw  their 
way  out,  leaving  peculiar 
oval   holes   in   the  bark. 
Their  life  cycle  isi  thus 
completed  within  a  year. 
The  beetle  attacks  birch, 
poplar,  and  aspen  trees 
wherever   they   grow    in 
the  United  States,  being 
par  ticul  arl  y     destructi  ve 
to   imported   bii^   in 
parks  and  lawns  in  the 
Northern  States  and  at- 
tacking  from   slender 
branches  to  trunks  of 
trees  over  25  years  old. 
Prevention  of  damnage, 
and    control,  —  Badly 
damaged    trees    are    not 
only  past  saving  but  are 
a  menace  to  the  trees  of 
the  neighborhood   still 
free  from  attack;  there- 
fore trees  showing  dead 
tops  and  other  evidences 
of  infestation  should  be 
cut  down  and  burned  during  autumn  or  winter  and  not  later  than 
May  1.    A  tree  cut  here  and  there  will  not  check  the  ravages  of 


Fig.  39.— Work  of 
bronze  birch 
borer  on  limb  of 
white  birch. 
Somewhat  re- 
duced. (Chitten- 
den.) 


Fig.  40. — Bronze  birch  borer: 
a.  Female  beetle:  b,  first 
abdominal  sefpnenta  of  male 
from  btiow;  c,  larva  from 
above.  All  enlarged  about 
3i  times;  line  at  side  of 
beetle  shows  natural  leo^. 
(Chittenden.) 


Digiti 


zed  by  Google 


Insects  of  Shade  Trees  <md  Their  Control.  61 

borers.  This  is  a  neighborhood  or  community  problem,  and  to  in- 
sure that  the  work  is  thoroughly  done  and  in  good  season  it  must  be 
enfcM'ced  either  by  community  ordinance  or  by  aroused  public  senti- 
ment and  understanding. 

THE  PARANDRA  BORER." 

How  injurious. — Although  primarily  breeding  inutility  timber,  like 
telephone  and  telegraph  poles,  and  other  structural  wood  in  contact 
with  the.  ground  or  in  moist  situations,  this  insect  is  frequently  found 
in  the  eastern  half  of  the  country  seriously  injuring  all  kinds  of 
mature  shade  trees.  This  injury  is  at  the  base,  and  in  windstorms 
trunks  and  branches  thus  weakened  break  off  easily.  This  insect 
probably  accounts  for  a  greater  percentage  of  destroyed  bases  of 
shade  trees  than  any  other. 

Charcucter  of  work  and  habits  of  the  insect. — The  adult,  a  rather 
large  brown  beetle,  flies  during  the  month  following  the  blossoming 
of  the  chestnut,  laying  large  numbers  of  eggs  deep  in  the  heart- 
wood  wherever  this  is  exposed.  In  this  wood  the  grubs  live  as  such 
for  three  or  four  years  before  changing  to  pupse.  They  feed  gre- 
gariously, completely  honeycombing  the  wood  and  packing  the  mines 
with  granular  f rass.  The  oval  pupal  cell  is  constructed  in  the  wood, 
plugged  behind  with  a  wad  of  fibrous  frass.  Pupation  takes  place 
about  a  month  before  the  adults  emerge. 

A  small  wound  near  the  base  or  in  the  larger  branches  of  living 
trees  offers  a  place  of  entrance  for  the  young  grubs  which,  penetrat- 
ing the  heartwood,  continue  to  feed  until  nothing  remains  but  a  shell 
of  sapwood.  Under  certain  conditions  the  adults  do  not  emerge  but 
mate  and  lay  eggs  in  the  same  cavity  in  which  they  are  working. 
Often  the  wound  where  they  gained  entrance  heals  over  and  shows  no 
sign  of  their  presence. 

Reviedies, — As  it  is  very  difficult  or  frequently  impossible  to  locate 
points  on  the  tree  where  this  insect  is  working,  remedial  measures 
must  be  directed  toward  prevention  of  the  injury.  All  scars,  fresh 
wounds,  or  injuries  exposing  the  wood  should  be  painted  (p.  14^15) 
or  so  treated  that  no  decay  can  start  and  that  they  quickly  heal.  Old 
cavities  shoidd  be  thoroughly  cleaned  and  filled  with  concrete,  care 
being  taken  that  all  wood  showing  any  trace  of  grub-made  mines 
is  removed. 

TWO-LINED  CHESTNUT  AND  OAK  BORER." 

How  injurious. — The  sudden  death  of  sickly  and  healthy  chestnut 
and  oak  trees  is  most  often  traceable  to  injury  by  the  two-lined  chest- 
nut and  oak  borer,  as  this  is  their  most  serious  insect  enemy.  As 
high  as  75  per  cent  of  these  trees  have  been  killed  off  by  it  in  some 

^Porandra  }>r%nnea  Fab.  ^  AgrU%t9  Wineat%^  Weber. 
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areas.  In  sickly  trees  the  insect  is  very  generally  found  associated 
with  the  shoe-string  root  fungus,  or  previous  defoliation,  and  it  un- 
questionably hastens  the  deatli  of  such  trees.  Wlien  weak  trees  are 
scarce  and  the  beetles  are  numerous  they  may  attack  perfectly 
healthy  trees  and  kill  them. 

Habits  and  appearance. — The  beetles  are  on  the  wing  in  early  sum- 
mer, when  they  mate  and  lay  eggs,  preferably  in  deep  cracks  on  the 
ba^k  of  the  main  trunk  and  branches.  Each  egg  hatches  into  a  flat, 
bigheaded,  milky  or  yellowish  white  grub  (fig.  41,  c)  which  burrows 
through  the  bark  and,  by  the  time  it  is  full-grown,  by  fall,  it  has 
excavated  a  burrow  up. to  3  feet  long  obliquely  and  across  the  grain 
in  the  inner  bark  and  outer  wood.  It  spends  the  winter  in  a  chamber 
in  the  outer  bark.    Late  the  following  spring  ft  changes  here  to  a 

pupa  (fig.  41,  d)  and  about  two 
weeks  later  transforms  to  the 
adult,  which  is  a  dull  or  brownish 
black  beetle  (fig.  41,  a)  one- fourth 
to  two-thirds  inch  long  with  two 
yellowish  lines  along  the  back, 
which  burrows  its  way  out  of  the 
tree  and  begins  life  in  the  open  as 
,  described  above.  A  number  of 
such  burrows  (fig.  42),  side  by 
side  around  the  trunk,  girdle  the 
Fig.  41.— Two-lined  chestnut  and  oak   tree  and  Sever  the  vessels  which 

borer:    a.    Adult   beetle;    ft.   antenna   of  carrv   food  and  moistUre  between 

8ame;  9,   claws  of  posterior  tarsi  of  fe-  *           ,                    j  xi_     x          j*       • 

male;     <f,  same  of  male;   c,   larva;   d,  rOOtS  and  top,  and  the  tree  dieS  ID 

pupa,     a,  6,  c,  and  d.  Enlarged;  h,    <f,  COnsequence. 

and    9,  more  enlarged.     (Chittenden.)  R.^dy     (applicable    OUly    tO 

specially  prized,  individual,  slightly  infested  trees). — Spray  the 
trunks  during  fall  with  poisoned  kerosene  emulsion  (p.  12-13). 

Prevention. — In  the  grove  or  forest  prevention  is  the  only  practical 
means  of  control.  This  consists  of  the  following  measures  calcu- 
lated to  eliminate  the  beetle's  favorite  breeding  quarters  (bark  on 
freshly  felled- or  dying  trees  and  cofdwood) :  Remove  and  promptly 
bum,  during  the  fall,  winter,  or  early  spring,  the  bark  (the  wood  may 
be  utilized  {or  any  suitable  or  desired  purpose)  of  all  hea^dly  in- 
fested, injured,  weak,  dying,  and  dead  chestnut  and  oak  trees  and 
limbs  over  as  wide  an  area  about  the  trees  to  be  protected  as  possible. 
Thoroughly  done,  this  will  kill  the  grubs  in  these  trees,  eliminate  the 
borer's  favorite  breeding  places,  and  reduce  the  numbers  of  the  beetle- 
to  such  an  extent  that  those  remaining  will  be  incapable  of  effecting 
serious  injury.  In  most  cases  extension  of  the  area  of  control  (^ra- 
tions can  be  achieved  only  through  cooperative  or  joint  action  of  ad- 
joining owners,  and  this  must  be  secured   for  successful  results* 
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Beetle  brood  trees  left  in  the  area  will  tend  to  nullify  haphazard 

control  work. 

LOCUST  BORER." 

Character  and  extent  of  injury, — The  locust  borer  is  the  most  de- 
structive insect  of  black  or  yellow  locust  in  some  localities.    Per- 


Pio.  42. — Work  of  two-lined  cbestnut  and  oak  borer.     Section  of  wood 

from  m&in  trunk  of  a  dead  chestnut,  showing  the  larval  mines  on  the 

outer  surface  after  removal  of  bark.     Beetle  and  grub  at  left  lower 
corner.     (Burke.) 

fectly  healthy  trees  are  attacked.  The  wounds  it  makes  in  the  bark 
and  sapwood  stunt  their  growth.  If  the  attack  is  severe  or  continu- 
ous for  a  number  of  years,  the  trees,  particularly  young  saplings  and 
branch^  of  larger  trees,  are  killed  and  their  wood  is  made  worthless 
by  the  wormholes. 

»  Cyllene  rohiniae  Forst. 
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Evidence  of  infestation. — In  April  and  May  brownish  boring  dust 
and  wet  spots  are  to  be  seen  on  the  bark  of  the  trunks  and  branches, 
and  as  the  season  advances  wet  spots  and  yel- 
lowish boring  dust  mixed  with  liquids  are 
present  in  increasing  quantity.  Leaf  buds 
fail  to  open,  the  foliage  is  dwarfed  or  faded 
and  sickly,  and  branches  and  small  trees 
break  down.  The  frequent  occurrence  of  the 
adults  in  the  period  from  August  to  October, 
particularly  on  goldenrod  flowers,  indicates 
the  presence  of  the  insect  in  injurious 
numbers. 

Description  and  hoMts. — ^The  locust  borer 
is  a  whitish,  elongate,  roundheaded  grub  (fig. 
43,  a).  It  hatches  from  an  egg  laid  by  a 
black,  longhorned  beetle  (fig.  43,  ft)  with  yel- 
low, zigzag  stripes.  The  eggs  are  laid  in 
crevices  of  the  bark  during  the  period  from 
August  to  October  and  the  young  borers  that 
hatch  from  them  excavate  individual  cells  in 
the  outer  layers  of  the  inner,  living  bark, 
where  they  overwinter.  In  the  spring  they 
bore  into  the  wood,  where  they  change  to 
pupse  during  July  and  August  and  to  beetles 
during  August  and  September,  whereupon  the 
beetles  bore  exit  holes  and  come  out  to  mate 
and  resume  the  life  cycle.  This  beetle  is  a 
lover  of  and  works  in  the  sunlight,  therefore 
shaded  trunks  and  branches  are  not  subject  to 
its  attack — a  fact  which,  if  borne  in  mind  in 
connection  with  the  care  of  locust  plantations, 
will  result  in  the  saving  of  trees.  (See  Bulle- 
tin 787,  United  States  Department  of  Agri- 
culture.) 

Remedy. — For  shade  trees  and  small  plan- 
tations or  groves,  spray  infested  trees  in  the 
spring,  when  these  trees  begin  to  show  green. 
with  poisoned  kerosene  emulsion  (p.  12-13)  or 
miscible-oil  solution  (p.  12,  13).  This  will 
kill  the  young  borers  in  the  bark. 

Control. — Cut  locust  trees  for  posts^  etc.. 
during  the  dormant  season,  and  i>eel  and 
promptly  bum  the  bark  and  branches  to  destroy  the  borers  in  the 
bark.  In  May  and  June  (not  later  than  the  falling  of  the  locust 
flowers)  cut  and  burn  all  badly  infested  trees. 


FiG%  43. — Section  of 
trunk  of  locust  tree, 
dying  from  Injury  by 
the  locust  borer.  Shows 
burrows  of  borer  in  bark 
and  wood ;  also  the 
larva  at  a,  and  the  bee- 
tle at  5.     (Webb.) 
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Prevention. — In  localities  where  it  is  still  absent,  guard  against  in- 
troduction of  the  borer  in  posts  or  other  products  having  the  bark 
on.  Regularly  each  year  locate  and  destroy 
entirely  or  remove  the  bark  from  infested 
trees.  Secure  cooperation  of  neighbors  in  the 
work,  so  far  as  possible.  Finally,  allow  all 
the  undergrowth  possible  and  keep  growing 
trees  imtrimmed  so  that  they  will  be  well 
shaded  when  the  beetles  fly.  The  beetles,  being 
sun  loving,  will  not  lay  eggs  on  shaded  trees. 

MOTTLED  WILLOW 
AND  POPLAR  BORER." 

Flow  injurious. — 
This  is  a  most  serious 
enemy  of  willow  and 
poplar  trees,  the  limbs 
and  trunks  of  which  it  „     , ,     ^ 

tunnels   until    they    die       tied   wlllow  and   poplar 

or  break  in  the  wind.      ^^^^^'  Enlarged.   (Chit- 

-r      i.  T    .  .    ,  tenden.) 

It  found  its  way  into 

this  country  a  number  of  years  ago  and  has 
since  established  itself  in  practically  all  the 
Northern  States. 

II ow  recognized.. —  Dead  or  dying  limbs, 
swellings,  and  dead  patches  of  bark  often 
cracked  open  on  limbs  or  trunk,  fading  foli- 
age, and  "sawdust*'  and  oozing  sap  at  points 
of  attack  are  signs  of  infestation.  Fresh 
pimctures  made  by  the  beetles  while  feeding 
on  the  younger  shoots  are  also  in  evidence. 
I  Injured  twigs,  when  split  open,  disclose  bur- 
rows, mostly  along  the  middle,  and  within 
—  each  is  a  fleshy,  white,  footless  grub  (fig.  44) 

Fig.  45.  — Poplar  branch  about  one-half  inch  long  when  full  grown. 

showing  work  of  larva  and  rr   -l 'j.       j  rui.  i_  •  n 

punctures  made  by  beetle       ^«^^^  ^^  appearance.— The  grub  IS  usually 

of  mottied  wlllow  and  full  grown  about  Juue  or  July,  pupates,  and 

S^Hgh^raiTO^eetu™  ^urns  to  the  adult,  which  is  a  rather  stocky. 

Natural  size.    (Chitten-  dark    colored    suout-bectle    (fig.    45)    about 

three-eighths  inch  long,  with  spots  and  rear 

third  of  the  wing  covers  pinkish  white.     For  a  week  or  two  after 

emerging  the  beetles  feed  on  the  young  bark  and  then  the  females 

begin  to  gouge  out  cavities  in  the  bark  of  2  to  4  year  old  growth  and 


^  Cryptorhynchus  lapathi  L. 
5602"— 21 6 
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lay  their  eggs  in  them. .  The  grubs  hatching  from  these  penetrate 
the  bark  and  spend  the  winter  directly  under  it.  The  following 
spring  they  resume  feeding  and  keep  it  up  until  full  grown,  where- 
upon  they  bore  into  the  wood,  through  it  to  the  pith,  and  make  a 
3  to  4  inch  gallery  along  that,  filling  it  with  wood  fiber  and  pupating 
at  one  end  of  it.  Thus  the  life  cycle,  although  completed  within  a 
twelvemonth,  extends  from  one  calendar  year  into  the  next. 

Remedies, — Cut  out  and  burn  all  infested  wood  before  May  or  June, 
thus  preventing  the  grubs  from  reaching  maturity  and  propagating. 
It  appears  possible  also  to  control  the  insect  by  thoroughly  coating 
the  bark  in  July  with  lead  arsenate  (p.  11)  or  by  painting  tree^  with 
kerosene  emulsion  (p.  12, 13)  in  April  or  thereabouts. 


Fu:.  40. — The  cottonwood  borer:  Larva,  side  view.     Enlarged.      (MllUken.) 
COTTONWOOD  BORER." 

DestmctiverieHH, — In  the  Middle  West  the  cottonwood  borer  is  very 
destructive  to  poplar  or  cottonwood  and  willow  trees  in  all  stages  of 
irrowth.  The  mines  of  the  borer,  made  at  the  base  of  the  stem,  often 
girdle  the  tree,  causing  its  death  or  so  reducing  the  strength  of  the 
wood  that  it  is  broken  off  by  the  wind. 

Evidence  of  infestation. — Broken-off  trees,  sickly  tops,  and  collec- 
tions of  shredded  boring  c}ust  on  the  surface  of  the  ground  beneath 
the  trees  indicate  the  presence  of  the  borers.  On  removal  of  the  bark 
at  the  surface  of  the  ground  borer  mines  are  disclosed. 

Description  and  hahits. — The  cottonwood  borer  is  a  yellowish, 
elongate,  cylindrical  grub  (fig.  46).  It  hatches  from  an  egg  laid 
by  a  large,  black  and  white  mottled,  longhomed  beetle  (fig.  47). 
The  eggs  are  laid  during  July  and  August  in  small  punctures  made 
in  the  bark  at  or  just  below  the  surface  of  the  ground,  and  the  borers 

"^  Plectrodera  acalatnr  Fab, 
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hatching  from  them  excavate  individual  mines,  first  beneath  the  bark 
and  later  deep  into  the  wood,  throwing  out  shredded  borings  as  they 
work  along.  Two  years  of  feeding  in  the  tree  pass  before  the  borer 
matures  and  transforms  to  a  beetle. 


Fia.  47.— The  Cottonwood  borer:  Male  beetle.     More  than  twice  natural  size.     (Milllken.) 

Rertiedies. — In  the  case  of  shade  and  otherwise  valuable  trees  the 
borer  may  be  profitably  killed  either  by  being  dug  out  while  youn^^ 
or  by  injection  of  carbon  disulphid  (p.  14)  into  the  hole  sliowing 
fresh  sap  and  boring  dust,  this  hole  being  then  promptly  plugged 
with  putty,  clay,  or  similar  substance.  It  seems  as  though  the  young 
borers  might  also  be  killed  by  spraying  the  infested  trunk  with 
poisoned  kerosene  emulsion  (p.  12, 13)  or  miscible  oil  (p.  12,  13). 
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Prevention. — A  wire  screen,  up  to  half  an  inch  mesh,  wrapped 
around  the  base  of  the  tree  so  that  it  reaches  about  a  foot  above  ground 
and  several  inches  into  the  ground,  which  fits  snugly  at  the  top  and 
is  an  inch  or  two  away  from  the  bark  the  rest  of  the  way,  will  prevent 
the  beetles  from  laying  their  eggs  in  it. 

LEOPARD  MOTH." 

Recognition  of  work. — The  death  or  dying  of  limbs  on  otherwise 
healthy  shade  trees  in  cities  along  the  Atlantic  seaboard  from  eastern 
Massachusetts  to  southern  New  Jersey  and  in  the  Hudson  River  Val- 


FiG.  48. — The  leopard  moth:  a.  Adult  female;  6,  ndult  male;  c,  larva;  d,  empty  pupal 
case.     Enlarged.      (Howard  and  Clilttenden.) 

ley  is  in  many  cases  traceable  to  the  destructive  work  of  the  cater- 
pillars of  the  leopard  moth.  In  cases  of  severe  attack,  especially  on 
young  trees,  growth  is  checked  and,  when  the  trunk  is  girdled,  death 
follows.  In  the  region  of  its  occurrence  the  leopard  moth  has  proved 
to  be  a  most  serious  menace  to  shade  trees. 

Habitats  and  seasonal  history. — The  leopard  moth  was  introduced 
from  Europe  about  40  years  ago,  but  fortunately  its  spread  has 
been  verj^  slow.  The  caterpillar  of  this  moth  is  a  wood-boring  insect, 
and  feeds  on  the  living  wood  in  branches  and  trunks  of  deciduous 
trees.  Evergreens  are  not  attacked.  From  the  time  it  hatches  out  of 
the  egg,  about  two  years  pass  before  the  caterpillar  (fig.  48,  c)  stops 

^Zeuzera  pprina  Fab. 
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growing  and  changes  to  a  chrysalis  within  its  burrow  (fig.  48,  d). 
VViien  it  becomes  mature,  which  happens  during  the  period  between 
May  and  September,  the  pupa  or  chrysalis  forces  its  way  partly  out 
of  the  burrow  (fig.  48,  rf),  its  skin  splits  open,  and  the  leopardlike, 
spK>tted  white  moth  (fig.  48,  a,  &)  come  out  of  it.  Immediately  after 
mating  the  female  begins  egg  laying.  As  many  as  800  eggs  were 
observed  to  have  been  laid  by  a  single  female.  The  eggs  are  laid 
singly  and  in  groups  of  three  or  more  in  crevices  of  the  rough  bark, 
from  which  they  hatch  about  10  days  later  and  the  issuing  larv® 
begin  to  burrow  their  tunnels  toward  the  heart  of  the  wood,  thus 
completing  the  two-year  life  cycle. 

Methods  of  control, — No  easy  method  of  wholesale  destruction  of 
this  insect  is  known  at  present.  Badly  infested  trees  an(J  limbs. 
should  be  cut  and  hutmed  promptly  lest  the  borers  migrate  from  them 
to  the  healthy  wood.  Many  young  and  highly  prized  trees,  showing 
only  a  few  burrows,  have  been  saved  from  death  and  even  further 
injur}"  by  killing  the  borers  in  them  with  carbon  disulphid  injected 
into  the  burrows  (p.  14).  A  flexible  wire  in  many  cases  can  be  em- 
ployed to  advantage  for  killing  borers  in  their  burrows  by  probing. 
Clean  culture;  prompt  attention,  and  simultaneous  community  work 
are  necessary'  for  effective  control.  Farmers'  Bulletin  708  contains 
full  information  on  this  insect. 

CARPENTER  WORM." 

H<yic  destructive, — Although  it  rarely  kills  trees,  the  large  bur- 
roivs  up  to  one-half  inch  wide  made  by  the  carpenter  worm  in  the 
very  heart  of  trees  produce  serious  deformities  which  render  the 
trees  unsightly.  Oak,  chestnut,  maple,  locust,  and  cottonwood  are 
anK>ng  the  trees  most  likely  to  suffer  from  it. 

Indication  of  presence. — Infestation  is  shown  by  the  wilting  of 
smaller  twigs,  strings  of  frass  dangling  from  holes  in  the  bark,  the 
large  -gallery  (fig.  49,  S),  and,  when  present,  the  inhabiting  worm, 
which  is  a  large,  vivid,  reddish-white  caterpillar  (fig.  49,  7)  up  to 
nearly  3  inches  in  length,  greenish  beneath,  with  scattered,  long, 
fine  hairs  on  the  body  and  with  head  shining  black. 

Seasonal  history  and  habits. — It  takes  this  insect  about  three  years 
to  complete  its  life  round,  which  accounts  for  the  presence  of  cater- 
pillars in  badly  infested  wood  at  all  seasons  of  the  year.  In  an  oval 
cell  made  by  th^  caterpillar  at  the  outer  end  of  the  gallery  just  be- 
fore completing  growth,  transformation  to  the  chrysalis  (fig.  49,  6) 
takes  place  in  May  or  June. .  After  about  two  weeks'  life  as  such  the 
chrysalis  wriggles  partly  out  of  the  hole  in  the  tree  (fig.  49,  5)  and 

■»  J^rionOituMtua  robiniae  Peck. 
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the  adult  moth   (fig.  49,  i)  emerges  from  it.     Soon  after  mating 
the  female  begins  laying  her  eggs  (fig.  49,  4^),  from  300  to  400  in 
number,  a  few  in  a  place  and  preferably  near  wounds  or  scars. 
The  hatching  of  the  eggs  and  penetration  of  the  resulting  cater- 
pillars (fig.  49,  8) 
to  the   heartwood 
complete  the  life 
cycle    to    the    point 
.  from   which   its  de- 
scription was  begun. 
Prevention,— 
Avoid     wounding 
trees;   dress  wounds 
with  tar  or  paint 
them  (p.  14-15)  after 
they  are  made. 

ReTnedies. — Cut 
off  during  the  winter 
and  prompth'  bum 
all  infested  wood. 
Inject  carbon  du^l- 
phid  (p.  14)  into  Uie 
wounds  and  prompt- 
ly plug  them  with 
putty,  grafting  wax. 
or  similar  substance, 

MAPLE   AND    OAK 
TWIG-PRUNER** 


Fig.  49. — Carponter  worm  and  work :  4,  Female  at  rest  on 
the  bark ;  ka,  dark  colored  eggrs  deposited  loosely  in  the 
crevices ;  5,  empty  pupal  case  partly  sticking  out  of  the 
burrow ;  6,  pupa  within  its  cell ;  7,  full  grown  caterpillar 
with  its  head  protruding  from  the  burrow ;  8,  young 
caterpillar  at  work  in  a  small  twig ;  9,  irregular  burrows 
of  full  grown  caterpillars.     (Felt.) 


Extent  of  injury, — 
While  not  a  menace 
to  the  life  of  trees, 
the  work  of  the 
maple  and  oak  twig- 
pruner,  which  is  often  very  abundant,  tends  to  destroy  the  shape  and 
thereby  to  mar  the  appearance  of  trees,  besides  littering  with  debris 
the  ground  beneath  them. 

Recognition  of  work, — During  the  summer  and  fall  the  ground 
beneath  trees  is  found  more  or  less  strewn  with  small  twigs,  showing 
a  clean  cut  at  the  larger  end  (fig.  50)  with  a  burrow  in  the  center 
plugged  with  wood  shavings.  Quantities  of  such  twigs  may  also  be 
hanging  from  the  tree.  Freshly  fallen  twigs,  when  split  in  two,  dis- 
close the  hollowed-out  interior  and  usually  at  some  point  within  the 

<•*  Ehiphidiun  rillosum  Fab. 
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burrow  the  whitish  grub  (fig.  50,  a)  with  brown  jaws  that  did  the 
damage. 

Seasonal  history  and  habits. — ^The  grub  above  referred  to  passes 
the  winter  in  the  fallen  twig  and  changes  to  a  pupa  early  next  spring, 
unless  this  change  has  taken  place  late  in  the  fall,  wliich  happens  not 
infrequently.    A  little  later  in  the  spring  the  pupae  change  to  adult 
beetles  (fig.  50,  &),  which  begin  emergence  from  the  wood  about  June 
and  remain  abroad  all  summer,  laying  their  eggs  in  July  in  the 
smaller  twigs  of,  preferably,  oak,  but  also 
of  maple  and  other  trees.    The  eggs  hatch 
into  grubs,  which  tunnel  and  sever  the 
twig. 

Remedy. — As  the  fallen  branches 
usually  contain  the  destructive  insect  in 
one  form  or  another,  gathering  and  burn- 
ing them  before  emergence  is  the  most 
logical  and  the  simplest  means  of  con- 
trolling the  pest. 

TWIG  GIRDLERS.*' 

How  injurious, — Trees  are  often  found 
with  numerous  twigs  lying  on  the  ground 
beneath  them  or  still  hanging,  dead. 
The  larger  ends  of  such  twigs  show  evi- 
dence of  having  been  cut  off,  and  at  some 
place  in  the  burrow,  running  the  length 
of  them  the  architect  of  the  burrow  may  „     ^^    ^         ,      ^     u  *„i 

*'     Fio.  50. — The  maple  and  oak  twlg- 

be  found.  Among  shade  and  grove  trees,  pruner :  a.  Larva ;  h,  ^duit ; 
hickory,  persimmon,  elm,  poplar,  sour  p"*"^*?  ^^^s:  and  larvai  minea 
gum,  basswood,  honey  locust,  dogwood  m 

the  East  tind  South,  and  huisache,  mesqiiite,  and  acacias  in  the  South- 
west, are  subject  to  this  injury.  This  is  the  work  of  beetles  known  as 
twig-girdlers,  and  may  become  so  prevalent  as  to  deform  trees  badly. 
Young  hickory  trees  are  frequently  cut  off  near  the  ground.  The 
"  hickory  twig-girdler  *^  in  the  East,  the  pecan  twig-girdler  *^  in  the 
South,  and  the  huisache  girdler**  in  the  Southwest,  are  the  insects 
involved. 

Character  of  work  and  habits  of  the  insects. — In  late  summer  or 
early  fall  these  beetles  appear  and  often  feed  on  the  thin  bark  before 
laying  the  eggs.  The  adult  female  girdles  branches  of  the  host  tree 
by  cutting  a  circular  incision  through  the  bark  and  deep  into  the 
wood.  The  twigs  so  girdled  vary  from  \  to  1^  inches  in  diameter.  In 
these  twigs  the  eggs  are  deposited  in  a  small  scar  gnawed  through 


**  Onoideres  app.  *•  O.  texana  Horn, 

'^Onoideres  okiffulata  Bay.  ^O.  putator  Tbom. 
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the  bark.  These  branches  soon  die  and  most  of  them  fall  to  the 
ground.  Until  the  middle  of  the  following  summer  the  larvae  feed 
in  the  wood,  loosely  filling  the  mine  with  frass,  though  much  of  it 
may  be  expelled.  The  pupal  cell  is  firmly  walled  with  fibrous  frass. 
One  year  is  required  to  complete  the  development,  though  in  more 
northern  localities  many  of  the  larvae  feed  through  the  second  year 
before  pupating.  A  high  mortality  occurs  in  the  larva  stage,  due  to 
too  many  borers  in  the  same  twig  or  excessive  drying  of  the  branches. 
Remedy. — Gather  and  bum  twigs  as  fast  as  they  fall. 


Pig.   51. — Injury  by   the  hickory  barkbeetle  to   the  twigs,   buds, 
and  base  of  leaves.     (Hopkins.) 

HICKORY  BARKBEETLE.** 

How  destructive. — For  years  the  number  of  dead  and  dying  hick- 
ory trees  throughout  this  country  has  been  increasing.  In  many 
instances  the  death  of  these  trees  has  been  traced  to  the  work  of 
the  hickory  barkbeetle.  This  beetle,  then,  constitutes  a  serious  enemy 
of  our  hickory  trees,  which,  unless  prompt  steps  are  taken,  are  in 
danger  of  being  seriously  depleted. 

^BoolytuB  quadri9pinQ9us  Say, 
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Evidence  of  infestation, — ^The  presence  and  work  of  the  hickory 
barkbeetle  are  indicated  in  several  ways:  (1)  Bases  of  twigs,  buds, 
and  fallen  hickory  leaves  in  the  spring  show  signs  of  having  been 
eaten  by  insects  (fig.  51) ;  (2)  clear-cut,  round  holes  occur  in  the 
bark;  (3)  in  August  and  September  the  foliage  of  hickory  is  faded 
and  dying;  (4)  the  inner  bark  of  hickory  trees  and  the  wood  surface 
beneath  it  are  engraved  with  peculiar  centipede-shaped  designs  (fig. 
52),  consisting  of  a  broader,  central,  straight,  upright  gallery  with 
nan-ower  burrows  radiat- 
ing like  centipede  legs  from 
either  side  of  it. 

History  of  seasonal  ac- 
thnty. — About  the  time  the 
pollen  is  falling  from  the 
tassels  of  healthy  hickories 
the  beetles  mate  and  each 
pair  starts  the  excavation  of 
an  upright  gallery.  In 
niches  along  the  sides  of 
these,  .eggs  are  laid  which 
hatch  into  the  grubs  that 
tunnel  out  the  "centipede 
legs."  Until  the  larv»  are  • 
about  half  grown  they  feed 
in  the  inner  layers  of 
bark ;  later  they  tunnel  into 
the  middle  and  outer  layers 
of  it  and  pass  the  winter 
there.  In  the  following 
spring  they  change  to  pupse 
and  then  to  adults,  which 
emerge  soon  thereafter,  thus 
completing  the  life  cycle  in 

one     year.        Retarded     de-       Fio.  52.— work  of  the  hickory  barkbeetle  on  Bur- 
velopment     of     some     indi-  '***  ^^  ^^^  beneath  bark,    a.  Primary  or  egs 

.  _  ^  _  -  _  _     -  gallery  ;   6,  laryal  mines.      ( Hopkins. ) 

viduals  and  accelerated  de- 
velopment of  others  often  complicate  the  situation  so  tliat  most  often 
aU  stages  of  the  insect  may  be  found  in  the  same*  tree  at  the  same 
time.  Each  barkbeetle  brood  gallery  cuts  that  much  of  the  sap  flow 
between  root  and  top,  and  when  these  galleries  connect  up  completely 
around  the  trunk  the  tree  is  girdled  and  doomed  to  inevitable  death. 
Natural  checks. — ^Like  all  native  insects,  the  hickory  barkbeetle  is 
subject  to  attack  in  the  mature  and  immature  stages  by  a  variety  of 
parasitic  and  predatory  insect  and  other  enemies.  By  means  of 
the  sap  flow  a  vigorous  hickory  tree  is  also  capable  of  stubbornly  re- 
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sisting  attack.  The  attack  can  not  be  successful,  therefore,  unless 
the  vitality  of  the  tree  is  low  at  the  time  of  attack  or  unless  the  beetles 
are  suflSciently  numerous  to  overwhelm  a  healthy  tree.  An  abundance 
of  sickly,  dying,  or  felled  hickory  trees  in  the  near  vicinity  provides 
favorable  conditions  for  the  production  of  an  excess  of  beetles. 

Control, — The  evident  means  of  checking  the  ravages  of  this  pest 
is  to  keep  the  beetles  down  below  a  number  sufficient  to  attack  vig- 
orous trees  successfully.  This  can  be  accomplished  (1)  by  putting 
into  practice  the  very  important  principle  of  forestry  of  prompt, 
systematic  removal  from  the  area  and  disposal  of  all  hickory  trees 
which  show  signs  of  decline,  and  (2)  by  cutting  and  utilizing,  for 

firewood    or   otherwise,    the   badly 
infested  trees  in  the  area. 

SAP-SUCKING  INSECTS. 

GENERAL. 

The  feeding  of  sap-sucking  in- 
sects on  deciduous  shade  trees  is 
not  manifested  by  visible  holes  in 
leaf  or  bark,  but  usually  by  dis- 
colored or  wilting  foliage  and  gen- 
erally by  the  sickly  and  often  black, 
dirty  appearance  of  the  trees.  As 
these  insects  do  not  feed  on  plant 
tissue  but  on  plant  sap,  which  they 
secure  from  the  inner  tissues  by 
thrusting  their  beaks  through  the 
Fig.  53.— Sycamore  iac<*-bug :  .vduit,  outer  layers,  th§y  can  not  be  de- 

Krently    enlarjred.     (Wade.)  ,  ,  ,  .         .         .i       ^  t  t 

stroyed  by  poisonmg  the  foliage  of 
the  trees  on  which  they  live  but  must  be  hit  directly  by  substances 
which  kill  on  coming  in  contact  with  their  bodies  and  which,  there- 
fore, are  known  as  contact  insecticides. 

SYCAMORE  LACE-BUG.** 

How  injurious, — By  no  means  can  the  sycamore  lace-bug  be  called 
a  tree-killing  insect,  but  great  numbers  of  it  not  only  discolor  the 
foliage  of  the  sycamore,  its  only  host  tree,  but  also  cause  premature 
falling  of  the  leaves,  thus  rendering  the  tree  unsightly  and  littering 
the  ground  beneath  it.  It  may  be  found  on  sycamore,  especially 
PlatanuH  occv/entaJis,  wherever  it  grows  in  the  United  States. 

How  reco(fm2ed, — The  sycamore  leaves  are  off  color  in  irregular 
spots  or  entirely  and  the  underside  is  inhabited  by  colonies  of  queer, 
rather  slow-moving  bugs  with  prettily  marked,  lace-like  horizontal 
wings  (fig.  53),  or  their  offspring  with  larger  or  smaller  wing  pads. 

*•  Corythuca  oiUata  Say. 
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Habits. — ^The  winter  is  passed  in  the  adult  stage  hidden  in  crevices 
on  the  bark  of  the  host  tree.  As  growth  starts  in  the  spring  the 
over-wintered  individuals  move  over  to  the  foliage  and,  after  feeding 
for  a  week  or  two  and  mating,  the  females  lay  groups  of  eggs  on  the 
underside  of  the  leaf.  These  hatch  in  about  two  weeks  into  tiny 
bugs,  which  differ  from  the  adults  only  in  lacking  wings,  and 
promptly  begin  feeding.  They  cast  their  skin  or  molt  as  they  grow, 
doing  so  five  times  before  maturity  is  reached.  Two  or  more  genera- 
tions a  year  are  produced,  depending  on  the  length  and  condition  of 
the  season,  and  varying 
therefore  with  the  lati- 
tude and  climate  of  the 
locality. 

Remedy. — When  the 
lace-bug  is  excessively 
abundant  and  other  con- 
ditions permit,  it  has  been 
found  possible  to  achieve 
satisfactory  control  by 
spraying  the  insects  with 
soap  solution  (p.  14). 

BOXELDER  PLANT-BUG.*' 

Ilaw  injurious.  —  Al- 
though it  feeds  on  plants 
only,  and  primarily  on 
boxelder,  this  bug  (fig. 
54,  e)  is  known  mainly  as 
ar  fall  house  pest  owing  to 
the  fact  that,  if  the  in- 
fe.sted  tree  is  near  enough, 
masses  of  the  bugs  in  search  of  winter  quarters  are  apt  to  invade 
dwellings  and  become  a  general  nuisance  there,  besides  alarming  the 
unwitting  householders.  It  first  came  to  notice  some  40  years  ago  in 
the  far  West,  but  has  since  spread  pretty  generally  over  the  States 
west  of  the  Mississippi  Kiver,  and  has  recently  been  reported  in 
States  east  of  that  river. 

Hcnr  recognized. — In  late  summer  large  numbers  of  bright  red, 
wingless^or  red  bordered,  darker  winged  bugs  may  be  seen  sucking 
the  sap  from  the  leaves  and  tender  growth  of  boxelder  or,  in  the  fall, 
masses  of  them  wandering  up  and  down  the  trunk  of  the  tree  and 
crawling  upi^rick  walls  and  into  houses,  cellars,  and  all  sorts  of 
cracks  and  crevices  in  search  of  hibernation  quarters. 


d  & 

Fig.  54. — The  boxelder  plant-bug :  a,  Egg8  enlarged, 
natural  size  above;  b,  r,  d,  different  stages  of 
immature  bugs ;  e,  adulL  All  enlarged ;  natural 
sizes  indicated  by  hair  lines.  Kor-d,  Marlatt ;  e, 
Howard.) 


*^  LeptooorU  trMttatua  Say. 
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Habits. — The  adults  emerge  from  hibernation  about  the  time  box- 
eldei*  buds  open  and  lay  their  eggs  (fig.  54,  a),  usually  in  crevices  of 
the  bark  of  this  favorite  host  tree.  The  hatching  yoimg  migrate  to 
the  foliage  in  great  hordes,  traveling  up  and  down  the  trunk.  After 
several  molts  (fig.  54,  &,  (?,  d)  maturity  is  reached  and  by  fall  great 
streams  of  the  bugs  start  on  the  march  for  winter  shelter. 

R,emedie8, — Spray  trees  as  soon  as  the  insects  appear  with  soap 
solution  (p.  14)  or  kerosene  emulsion  (p.  12-13).  In  the  fall  great 
masses  of  them  can  be  destroyed  by  pouring  hot  water  or  kerosene 
on  them  or  by  sweeping  them  into  a  vessel  containing  kerosene. 

SCALE  INSECTS  IN  GENERAL. 

Appearance  and  habits. — Scale  insects  are  so  called  because  of  the 
scale  that  covers  or  constitutes  the  back  of  most  of  them.  This 
covering  may  be  horny,  leathery,  waxy,  cottony,  or  mealy,  and  just 
as  various  in  size,  shape,  and  color.  There  are  many  species  of  scale 
insects ;  and,  according  to  the  consistency  of  their  covering,  they  are 
roughly  divided  into  armored  scales^  soft  (leathery)  scales^  cottony 
scales^  mealybugs^  etc.  Except  for  a  few  days  after  hatching,  when 
they  are  naked,  these  insects  are  nearly  always  covered  by  the  scale 
characteristic  of  the  species  to  which  they  belong.  The  nimiber  of 
generations  annually,  date  of  hatching,  and  other  life-history  habits 
vary  with  the  species,  season,  and  location.  They  are  all  plant 
feeders,  some  confining  themselves  to  a  single  species  of  plant,  while 
others  occur  on  a  jgreat  variety  of  plants.  They  occur  on  roots,  main 
stems,  branches,  and  twigs ;  some  of  them  occur  also  on  the  leaves  and 
fruit  in  summer.  They  feed  on  sap,  which,  by  means  of  their  slender, 
flexible,  needjelike  beaks,  they  suck  up  from  within  the  plant  tissues. 
They  are,  therefore,  classified  as  sucking  insects.  Some  of  them  pro- 
duce more  or  less  honeydew,  which  attracts  ants,  bees,  wasps,  etc., 
which  eat  it  but  do  not  harm  the  plants.  Certain  fungi  growing  on 
honeydew  frequently  give  the  affected  plants  a  sooty  appearance. 

Natural  control. — ^Like  other  insects,  most  scale  insects  are  usually 
kept  in  check  by  a  variety  of  natural  agencies,  especially  parasitic 
and  predacious  insects.  Under  such  conditions  they  do  no  perma- 
nent serious  harm  and  require  no  remedial  treatment.  Quite  often, 
however,  some  species  become  so  numerous  as  to  be  very  injurious, 
and  make  early  treatment  imperative  if  the  life  of  the  affected  plant 
is  to  be  saved  or  its  value  kept  unimpaired. 

Remedies. — Winter  spraying  with  a  contact  insecticide  (p.  11-14), 
done  when  the  buds  are  dormant,  is  preferable  for  scale  insects 
because  (1)  there  is  then  no  delicate  foliage  to  injure  and  none  to 
conceal  the  insects  or  to  use  up  the  spray;  (2)  dead  and  superfluous 
portions  of  the  plant  may  and  should  then  be  removed,  still  further 
reducing  the  area  to  be  sprayed  and  exposing  the  insects;  (3)  plants 
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are  then  dormant  and  can  withstand  stronger  sprays  without  injury. 
Summer  spraying,  when  imperative,  is  most  effectively  done  when  the 
young  are  at  the  height  of  hatching,  i.  e.,  crawling  about  in  numbers. 

OYSTER-SHELL  SCALE/' 

Haw  injurious, — ^The  oyster-shell  scale  lives  and  feeds  on  a  great 
variety  of  shade  trees,  especially  poplar,  maple,  birch,  beech,  and 
willow,  besides  hardy  shrubs  ai^d  certain  fruit  trees,  all  over  this 
country,  and  though  it  occasionally  kills  an  entire  grown  tree,  it 
generally  retards  and  stunts  the  infested  growth  and  frequently 
causes  the  death  of  twigs  and  branches. 

Haw  recognized. — The  bark  of  an  infested  branch  is  found  more 
or  less  densely  crusted  with  brown  or  grayish,  rather  long,  somewhat 
bent  scales  (fig.  55),  wider  at  one  end  than  the  other,  and  sloughing 
off  more  or  less  readily. 


Fig.  55. — Oyster-Bbell  scale  on  poplar.     Much  enlarged.     (Quaintance  and  Sasscer.) 

Hahits  and  seasonal  history. — Shortly  after  the  apple  blossoms  fall 
the  eggs  of  the  oyster-shell  scale,  which  overwinter  beneath  the 
female  scale,  hatch  into  minute,  licelike  insects  which  crawl  about  for 
three  or  four  days,  and  after  inserting  the  threadlike  beak,  which 
serves  as  an  anchor  as  well  as  a  food  conduit,  into  the  host,  settle  per- 
manently on  the  bark.  Thereafter  the  female  never  leaves  the  scale 
started  by  it  when  young,  but  ultimately  lays  its  eggs  and  dies  there. 

CoiHrol. — Here  and  there  an  infestation  by  these  scale-bugs  is 
checked  by  minute,  wasplike,  parasitic  insects  that  kill  them.  In 
most  cases,  however,  spraying  with  lime-sulphur  (p.  11-12)  or  a 
miscible  oil  (p.  12)  must  be  resorted  to  for  a  prompt,  effective 
remedy.  The  necessary  preliminary  work  in  preparation  for  spray- 
ing is  indicated  on  pages  15-16. 

SAN  JOSE  SCALE.* 

How  injurious. — For  a  series  of  years  at  the  close  of  the  last 
century  the  San  Jose  scale  was  the  most  dreaded  insect  pest  of  the 

*•  Lepidosap?i€S  ulmi  L.  ^  Aspidiotus  pernioiosus  Comst. 
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horticulturist,  for  not  only  was  it  found  exceedingly  destructive,  but 
few  woody  plants  seemed  immune  to  it.  Since  then  time  and  in- 
tensive study  liave  developed  both  insect  enemies  and  remedial 
measures  which,  have  effectively  curbed  its  inroads.  Nevertheless  it  is 
still  a  serious  pest  at  times  here  and  there,  limbs  and  whole  trees  being 
killed  by  it. 

Ilow  recognized, — ^Ailing  trees  show,  the  smooth  bark  roughened 
and  covered  with  scurf  (fig.  56,  a^c)  beneath  which  pouchlike,  yellow 
insects  (fig.  56,  e)  may  be  observed.    The  live  wood  under  sucji  bark 

is  tinged  with  bright 
red  and  circles  of  the 
same  color  surround 
these  insects  on  green 
growth,  leaves,  and,  in 
the  case  of  orchard 
trees,  the  fruit. 

Habits. — Attached  to 
the  bark  this  scale  in- 
sect hibernates  in  im- 
mature stages,  resum- 
ing feeding  and  growth 
with  tlie  advent  of 
spring.  Maturity  is 
reached  and  young  (fig. 
56,  rf,  rf')  are  hatching 
in    Washington    about 

Fig.   56— San  Joso  scale-,   a.  Adult  female  scale:   &,  the     middle    of     JUUC. 

male  scale  ;  c   young  scales  ;  d,  larva  just  hatched  ;  ^f^  crawling      aboUt 

d ,  8amc  highly  magnified  ;  r,  scale  removed  show-  ^ 

Ing   body    of   female  beneath.      All    much    enlarged.  for    a    daV     or    tWO    the 

tQuaintance.)  ^^^^^,  ^,^y^^^  j^^5^  ^^^^^^^ 

down  to  feed  and  build  the  scale.  Yvcmw  three  to  five  generations  are 
produced  annually,  varying  with  the  latitude  and  climatic  conditions. 
Remedies. — The  San  Jose  scale  readily  yields  to  treatment  with  mis- 
cible  oils  (p.  12)  or  with  lime-sulphur  (p.  11,12)  where  their  appli- 
cation is  practicable.  Even  fish-oil  soap  solutions  (p.  14)  or  kerosene 
emulsion  (p.  12-13)  give  satisfactory  results.  In  heavy  infestations 
two  treatments  should  initiate  the  w  ork,  one  in  the  fall  as  soon  as  the 
leaves  fall  and  the  other  in  the  spring  just  before  the  buds  swell. 

GLOOMY   SCALED 

Tioir  irijy/rions. — The  gloomy  scale  is  a  special  enemy  of  soft-maple 
trees,  which  it  often  cripples  or  kills,  though  other  maples  may  be  in- 
fested by  it.  It  is  especially  abundant  in  the  South  where  it  is  elimi- 
nating the  soft  maple  as  a  shade  tree. 

*®  ChrysompfKilus  tenchricoaua  Comst. 

Digitized  by  VjOOQIC 


Insects  of  Shade  Trees  and  Their  Control.  79 

How  recognized, — In  appearance  it  is  not  unlike  the  San  Jose  scale 
(fig.  56)  and  the  effect  produced  by  it  is  much  the  same,  except  that 
the  red  color  is  absent  from  the  area  it  infests  and  the  scale  is  larger 
and  coarser.  Also  white  rings,  places  from  which  the  scales  have 
peeled  off,  are  a  characteristic  appearance  on  old  infested  surfaces. 

Habits. — In  its  habits  this  scale  is  very  much  like  the  San  Jose 
scale,  except  that  apparently  only  one  generation,  is  produced  in 
Washington,  D.  C,  and  proportionately  more  farther  south.  It  is  a 
prolific  breeder,  however,  and  can  incrust  trees  with  its  scales  in  a 
comparatively  short  time. 

Remedy. — ^Winter  applications  of  miscible-oil  solution  (p.  12)  will 
keep  it  in  check. 

OBSCURE  SCALE," 

How  injurious. — Oak  is  the  favorite  and  only  host  of  the  obscure 
scale,  and  young  trees  and  branches  may  suffer  severely  from  it  or 
even  be  killed.  This  is  particularly  true  of  the  southern  half  of  the 
country. 

How  reeogmzed. — ^This  insect  looks  much  like  the  San  Jose  scale. 
In  addition,  large  whitish  rings  or  circles,  which  are  spots  from 
which  the  scales  have  been  rubbed  off,  are  an  evidence  of  infestation 
with  this  scale.  The  reddish  discoloration  characteristic  of  the  San 
Jose  scale  is  absent  and  the  scale  is  even  coarser  than  the  gloomy 
scale. 

Habits. — ^Very  much  like  the  preceding. 

Remedy. — Winter  applications  of  miscible-oil  solution  (p.  12). 

PUBESCENT  OAK  KERMES." 

How  injurious. — The  pubescent  oak  Kermes  can  by  no  means  be 
considered  a  tree-killing  insect,  although  twigs  here  ai>d  there  may 
be  killed  by  it.  The  growth  of  badly  infested  trees,  however,  is 
severely  checked,  the  tender  growth  particularly.  This  scale  insect 
occurs  on  oaks  only;  white  oak  {Quercus  alba)  suffers  most  from  it 
in  the  vicinity  of  Washington,  D.  C. ;  burr  oak  in  Ohio  and  Indiana ; 
and  red,  chestnut,  and  chinquapin  oaks  are  other  species  on  which 
it  has  been  collected. 

How  recognized. — During  the  growing  season  leaves  and  green, 
soft  wood  are  found  crumpled  up,  and  motionless,  hairy,  plump 
bodies  resembling  the  background  in  color  are  attached  to  them. 
When  mature,  the  insects  become  much  more  rounded  and  chestnut 
brown  in  color.  Occasionally  small,  feltlike,  white  sacks  may  be 
found  on  the  wood  of  branches.    These  are  the  male  cocoons.    To- 

^  Chrif8amphaiu9  oh9owru8  Comst  ^Kertnea  puheacene  Bogne. 
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ward  the  end  of  the  season  leaves  begin  to  die  and  clumps  of  them 
remain  attached  to  the  tree  through  most  of  the  winter.  During  the 
winter  masses  of  tiny,  reddish,  licelike  insects  may  be  found  in  cracks 
of  the  branches  and  twigs. 

Habits. — The  overwintering  young  desert  their  winter  quarters 
about  the  time  buds  on  the  white  oak  begin  to  open  and  migrate  to 
the  new  growth,  where  they  settle  and,  inserting  their  beaks,  begin 
to  feed,  usually  on  the  midribs  of  leaves  and  the  soft  wood.  Wher- 
ever one  of  them  settles  growth  ceases,  while  the  surrounding  tissue, 
of  the  leaf  blade,  for  instance,  continues  growing,  thus  producing  the 
sagging  effect.  At  maturity  the  body  of  the  female  becomes  filled 
with  eggs,  which,  in  Washington,  D.  C,  hatch  early  in  July,  the 
"  lice  "  coming  from  them  infesting  further  the  year's  growth.  Two 
generations  are  produced  during  the  year,  the  offspring  of  the  second 
hatching  late  in  the  fall  and  migrating  to  the  bark  for  hibernation* 

ReTnedy. — Experiments  made  by  the  writer  on  several  groups  of 
large  oak  trees  have  shown  that  a  water  solution  of  miscible  oil,  1-15, 
thoroughly  applied  at  the  time  the  buds  begin  to  swell  on  the  white 
oak  in  the  spring,  kills  85  to  90  per  cent  of  the  young  insects  without 
hurting  the  tree  in  any  way.  In  the  given  case  a  high-power  sprayer 
with  a  solid-stream  nozzle  was  used.  The  cost  of  the  spraying  ma- 
terial averaged  about  50  cents  a  tree.  The  labor  in  this  particular 
instance  was  abundant  and  free  so  that  no  estimate  of  the  cost  could 
well  be  made.  An  average  of  15  minutes  was  consumed  by  the  crew 
to  a  tree,  including  transportation  over  the  grounds  and  time  re- 
quired to  fill  the  tank.  For  further  details  on  this  subject  see  pages 
12  and  22  to  30. 

TULIP-TREE  SOFT  SCALE." 

How  injurious, — Branches  of  tulip  trees  may  be  so  crowded  with 
the  tulip-trfee  soft  scale  that  they  sicken  and  die,  greatly  disfiguring 
the  tree. 

How  recognized. — Sickly,  blackened  branches  are  found  thickly 
beset  on  the  underside  with  vivid  gray  to  brown,  prominently  raised 
scales  about  one-fourth  inch  long  and  a  little  narrower.  Toward 
fall  the  young  may  be  observed  crawling  about  and  settling  on  the 
bark. 

Habits. — The  young  pass  the  winter  on  the  bark  where,  the  follow- 
ing spring  and  summer,  they  feed  and  grow,  producing  young  again 
toward  fall,  thus  making  only  one  generation  a  year  in  the  latitude 
of  Washington,  D.  C. 

Remedy. — Miscible-oil  solution  (p.  12)  has  been  found  to  be  an 
effective  remedy  for  this  insect. 


"*  Toumeyella  liriodendri  Gmel. 
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MAGNOLIA  SOFT  SCALE.^* 

The  magnolia  soft  scale,  as  its  name  indicates,  occurs  primarily  on 
magnolias,  although  occasionally  on  tulip  trees.     Its  appearance, 
effects,  and  habits  are  similar  to  those  of  the  species  infesting  the 
tulip  and  so  also  are  the 
measures  for   its  control. 

TERRAPIN  SCALE." 

How  injurums, — Maple, 
especially  sugar  maple, 
and  sycamore  and  poplar, 
among  shade  trees,  are 
particularly  subject  to  in- 
festation by  the  terrapin 
scale,  which  occurs  in  sev- 
eral States  west  of  the 
Mississippi  River,  and  in 
all  of  those  east  of  it.  It 
is  largely  a  twig  scale. 

llow  recognized, — In- 
fested twigs  show  the 
drain  from  which  they 
are  suffering  by  their 
wilting  and  dying  foli- 
age. The  twigs  are  more 
or  less  heavily  incrusted 
with  raised  reddish  scales 
(fig.  57)  about  one-six- 
teenth to  one-eighth  inch 
long,  about  half  as  much 
in  diameter,  and  ridged 
along  the  edges.  Green 
shoots  and  the  large  veins 

of  leaves   are   beset    with     fig.  57.— Terrapin  scale.     Adult  females  on  twig  of 
young,      licelikc      insects         P^^*^-     Enlarged  about  three  times.     (Sanders.) 

from  midsummer  on.    Honeydew  and  black  sootlike  growth  occur  on 
and  beneath  infested  twigs. 

Habits, — In  a  half-grown  condition  the  insect  passes  the  winter  on 
the  bark  of  twigs  and  branches  of  its  host,  resuming  feeding  and 
growth  as  soon  as  spring  starts.  Toward  the  end  of  May,  in  the 
latitude  of  Washington,  D.  C,  they  are  full  grown  and  the  females 
are  filled  with  eggs,  the  young  beginning  to  hatch  about  the  middle 

^  Ncolecanium   comuparvum   Thro.  '^  Leoanium    nigrofaaciatnm    Perg. 
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of  June  and  continuing  to  hatch  through  most  of  the  summer.  Evi- 
dently only  one  generation  is  produced  annually  in  the  District  of 
Columbia." 

Rvvxediea, — There  is  little  doubt  that  kerosene  emulsion  (p.  12-13) 
or  miscible-oil  solution  (p.  12),  applied  in  the  early  spring  before  the 
buds  have  opened,  will  effectively  kill  off  most  of  the  pest. 

COTTONY   MAPLE  SCALE.** 

Iloin  injurious, — The  cottony  maple  scale  attacks  a  great  variety 
of  trees  and  vines.  Its  food  consists  of  sap  obtained  by  sucking  it 
from  within  the  plant  tissues.     Occasionally  the  insect  appears  in 

great  numbers  and  at 
such  times  is  apt  to  injure 
shade  and  other  trees  ma- 
terially. 

Seasonal  history  and 
habits, — This  scale  insect, 
even  when  present  in 
great  numbers,  remains 
unnoticed  until  about 
June,  when,  at  about  the 
latitude  of  Washington, 
D.  C,  it  is  rendered  strik- 
ingly conspicuous  by  the 
large,  white,  cottony  egg 
mass  which  appears  at 
that  time  at  the  end  of 

Fig.  58. — Cottony  mnple  scale.     Females  with  cottony     ^J^^  bodv  of  the  female  ill- 
ball  full  of  eggs.      (Howard.)  / 

sects  (fig.  58).  The  eggs 
hatch  in  earh'  summer,  though  sometimes  this  hatching  extends  into 
August,  and  the  young  settle  upon  the  twigs  and  underside  of  leaves. 
In  the  fall  the  females  migrate  to  the  twigs,  where  they  remain  un- 
changed through  the  winter,  rapidly  swelling  in  the  spring  and  form- 
ing tlie  Qgg  mass  in  early  summer.  Thus  only  .one  generation  is 
produced  annually. 

Ueniedies, — Remedies  are  rarely  necessary.  Where  occasion  arises 
for  their  use,  a  spray  of  dilute  (summer  strength)  kerosene  emulsion 
(p.  12-13)  during  the  hatching  of  the  eggs  (June  and  July)  is 
certain  to  prove  effective. 

EUROPEAN  ELM   SCALE." 

History  and  damage, — The  European  elm  scale,  an  immigrant 
from  Kurope  in  about  1884,  lives  on  the  elm  and  may  occur  wherever 
th's  tree  is  grown  in  the  Ignited  States.     As  a  rule  it  does  not  kill 

^PuXvinaria  vxtU  L.  "  Oossvparia  npuria  Modeer. 
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the  trees,  but  it  is  often  so  very  injurious,  especially  to  young  stock, 
that,  together  with  the  injury  caused  by  the  elm  leaf-beetle,  another 
importation  from  Europe,  attack  by  bark-borers,  etc.,  is  induced 
and  the  trees  do  not  recover. 

IIow  it  lives  and  looks. — This  scale  spends  the  winter  in  crevices 
gf  the  bark  on  the  trunk  and  larger  branches  as  brown  immature 
males  and  females  embedded  in 
white  cottony  matter  (fig.  59). 
On  the  appearance  of  warm 
weather,  in  May  at  Washing- 
ton,  D.   C,  these   forms  begin 
to  move  about,  molt,  and  mate, 
after  which  the  females  attach 
themselves  permanently  on 
limbs    and    trunk.      The   younj 
yellow,   lice-like   insects — issue  di 
July,  settling  temporarily  on  lea 
leaves  and  twigs,  depending  on  tl 
the  latter.     In  August  they  retu 
branches  and  trunk  to  settle  for 
completing  in  Washington  the  sej 

Remedies. — In  the  case  of  shad 
sery  stock  the  best  means  of  killi 
to  spray  infested  tre^s  during  the 
with  a  water  solution  of  miscibl 
kerosene  emulsion  (p.  12-13). 
summer  strengths  of  these  prepar 
young  are  hatching  is  the  next 
control.  Other  means  are  availab' 
applied  with  a  hose  under  high  pi 
of  them  is  as  satisfactory  as  spi 
solutions  mentioned. 

APHIDS   IN   GENEE 

Evidence  of  infestatian. — Duri 
season  aphids  or  plant-lice  occur  in  winged  and  f,g.  59.— European 
wingless  form  in  greater  or  less  numbers  on  ^^^  «^a>«^=  Mature 
branches,  twigs,  and  leaves.  They  feed  on  the  sap,  graph  by  sa°nd^ 
which  they  suck  up  from  within  the  tissues  by  ^^^^ 
means  of  their  pointed  beaks,  hence  are  classed  as  sucking  insects. 
Under  favorable  conditions  aphids  suddenly  appear  in  great  num- 
bers, particularly  in  the  spring.  Their  presence  is  indicated  by  an 
abundance  of  sticky  "  honeydew  "  on  and  under  the  infested  plants, 
by  the  presence  of  ants  which  feed  on  the  honeydew  but  do  not  harm 
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the  plant,  and  by  the  curling  and  the  abnormal  falling  of  the  leaves. 
When  this  honeydew  is  very  copious,  the  black  film  which  forms  upon 
it  gives  the  leaves  and  other  portions  of  the  plant  a  dirty  appearance 
and  clogs  their  breathing  pores.  Many  aphids  also  produce  various 
growths,  called  galls,  on  the  tree  parts  they  inhabit. 

Control, — Notwithstanding  their  great  numbers,  aphids  are  usuallji 
incapable  of  doing  permanent  harm  to  an  otherwise  vigorous  tree. 
They  are  never  excessively  abundant  for  long  periods,  being  deci- 
mated by  their  numerous  insect  enemies,  and  a  sharp  change  in  the 
weather  to  hot  and  dry  makes  their  disappearance  as  sudden  as  their 
appearance.  Hence  treatment,  which  involves  labor  and  expense  and 
requires  an  adequate  spraying  equipment,  is  in  most  cases  safely  dis- 
pensed with.  When  conditions  warrant,  however,  it  is  possible  and 
not  difficult  to  check  aphid  injury  artificially,  as  described  under  the 
several  species.  The  strength  of  the  solution  used  should  be  in  pro- 
portion to  the  resistance  of  the  plant  to  be  sprayed ;  that  is  to  say,  the 
more  delicate  the  plant  the  weaker  the  solution.  Thoroughness  and 
early  application,  before  the  leaves  begin  to  curl,  is  indispensable  to 
success.  Often  a  forceful  stream  of  water  out  of  a  hose  directe<I 
against  the  aphids  will  dislodge  and  destroy  them.  Cooperation  with 
neighbors  in  the  purchase  and  operation  of  equipment,  hv  in  the  em- 
ployment of  reliable  and  competent  persons  who  make  a  specialty  of 
the  work,  is  desirable  where  feasible. 

NORWAY   MAPLE  APHIS.** 

How  iiifuriouH. — This  aphis  frequently  occurs  in  large  colonies  dur- 
ing much  of  the  summer  on  the  underside  of  Norway  maple  leaves, 
which  are  evidently  its  favored  food.  It  is  a  copious  producer  of 
honeydew,  which  accumulates  on  the  leaves  and  the  pavement  beneath 
them.  Many  of  the  leaves  either  develop  brown  blotches  or  fall  off 
later,  littering  the  ground  and  temporarily  disfiguring  the  tree,  be- 
sides seriously  checking  growth  generally. 

IIow  recognized. — The  leaves  are  off  color,  with  honeydew,  a  sticky 
sweetish  liquid,  on  them  and  on  the  ground  below  them,  and  many, 
mostly  wingless,  yellow^ish  green,  brown  marked,  licelike  insects  of 
various  sizes  with  reddish  eyes  and  long  hairy  antennee  are  found  on 
the  underside  of  the  leaves. 

Habits. — Our  knowledge  of  the  habits  of  this  insect,  beyond  what 
has  been  indicated  above,  is  limited.  Fortunately,  what  is  known 
helps  considerably  in  controlling  the  insect. 

Remedy. — A  spray  of  40  per  cent  nicotine  sulphate  (p.  13)  mixed 
with  soap  and  diluted  in  the  usual  manner  will  prove  quite  effective, 

^  Pcriphyllus  lyropictua  Kess. 
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and  as  little  time  as  possible  should  be  lost  between  the  discovery  of 
the  insect  and  the  application  of  the  remedy.  The  spray  solution 
should  be  directed  especially  at  the  underside  of  the  leaves. 

BOXELDER  APHIS.* 

How  injurious. — This  is  an  insect  of  tha  Middle  West  where  the 
boxelder  is  its  sole  host.  Its  feeding  stunts  the  young  leaves,  and  its 
honeydew,  together  with  dust  and  sooty  fiuigus,  soils  the  tree  so  that 
it  looks  most  unattractive. 

How  recognized. — Numerous  tiny,  pale  green,  licelike  insects  are 
noted  on  the  leaves  and  tender  twigs,  and  there  is  a  sootlike  covering 
on  the  leaves  and  twigs  or  a  sticky  liquid  on  the  leaves  and  on  the 
ground  beneath  the  tree.  Drops  of  this  liquid  also  hit  persons  beneath 
infested  trees. 

Habits. — The  winter  is  passed  in  the  form  of  eggs  laid  on  box- 
elder  bark.  In  the  spring,  as  buds  begin  to  push  out,  the  eggs  com- 
mence hatching  and  the  emerging  insects  migrate  to  the  new  growth, 
where  they  forthwith  insert  their  beaks  and  begin  to  feed.  On 
reaching  maturity  they  begin  to  produce  living  young,  each  "  shell- 
ing out "  as  many  as  a  hundred  or  more  in  the  course  of  20  days 
or  so.  Four  or  five  generations  thus  follow  one  another  in  quick 
succession  until  about  early  June,  when  a  generation  of  a  quiescent, 
inactive  form  appears,  gradually  increasing  in  proportion  to  the 
others  until  August,  when  only  occasional  active  individuals  are  to 
be  found.  The  "  dimorphs,"  as  the  resting  insects  are  called,  do  not 
feed,  but  rest  on  the  leaves  throughout  the  summer,  when  the  growth 
seems  to  take  on  a  new  lease  on  life.  Early  in  September  the  di- 
morphs  change  to  the  normal,  active  form  and  produce  another  gen- 
eration or  two  of  living  young.  All  of  the  individuals  hitherto 
spoken  of  are  females  and  most  of  them  are  wingless.  The  last  gen- 
eration of  the  season  alone  is  composed  of  males  and  females,  and 
the  latter,  after  mating,  deposit  their  eggs  on  the  bark  of  twigs  and 
branches,  where  they  overwinter,  thus  completing  the  cycle. 

Remedy. — A  spray  of  40  per  cent  nicotine  sulphate  (p.  13)  applied 
At  the  time  new  growth  starts  is  a  pretty  sure  and  safe  remedy. 

TULIP-TREE  APHIS  * 

Appearance  and  injury. — The  sole  injury  of  the  tulip-tree  aphis 
consists  in  the  abnormally  heavy  dropping  of  the  leaves,  but  in  a 
yard  or  on  a  street  the  littering  of  the  ground  is  a  serious  objection. 
The  falling  tulip-tree  foliage,  on  the  other  hand,  usually  indicates  the 
presence  of  this  insect  in  great  numbers  on  the  leaves.    The  insects 

^  Periphyllus  neffundinis  Thos.  *^  Maorosiphum   Hriodendri   Mod. 
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have  the  characteristic  appearance  pf  aphids,  the  winged  ones  being 
reddish  brown  with  a  pale  green  abdomen,  and  there  are  a  few  pale 
reddish  individuals  scattered  among  them. 

Remedy, — Forty  per  cent  nicotine  sulphate  (p.  13)  applied  as 
soon  as  the  insects  are  observed  will  control  them. 

WOOLLY  MAPLE  AND  ALDER  APHIS.** 

TIow  injurious. — While  this  insect  can  not  be  considered  a  serious 
enemy  of  the  maple,  which  is  the  more  important  of  its  two  hosts, 
owners  of  infested  trees  are  greatly  distressed  by  the  masses  of  white 

cottony  fluff  they  find  covering  the 
leaves  of  their  favorite  shade  tree  in 
the  spring,  and  are  insistent  on 
knowing  the  nature  of  it  and  the 
remedy. 

How  recogm^ed, — The  abundant, 
bluish  white,  cottony  fluff  on  the 
underside  of  folded-over  maple 
leaves  (fig.  60),  in  the  midst  of 
which,  from  spring  to  midsummer, 
winged  or  wingless  (immature)  in- 
sects are  found,  is  an  indication  of 
the  presence  of  this  aphis. 

Habits, — ^The  aphids  in  the  white 
woolly  masses  which  appear  on  the 
young  maple  leaves  early  in  the 
spring  come  from  eggs  that  were 
laid  the  previous  fall  in  cracks  and 
under  loose  bark  on  the  trunk  of  the 
Fig.  60.— Colony  of  woolly  maple  and  tree.  As  they  reach  maturity  and  ac- 
aider  aphis  on  underside  of  ihnpie    Q^ire  wiiiffs  they  mifiTate  to  alder, 

leaf.      (Pergande.)  i  .   i  ,  .  i- 

which  may  be  quite  a  distance  away. 
This  may  last  until  midsummer,  when  all  have  abandoned  the  maple. 
On  the  alder  the  migrants  settle  on  the  underside  of  leaves  and  pro- 
duce living  young,  which  move  over  to  the  bark  of  twigs,  branches,  or 
stems,  and  settle,  feed,  and  grow  there,  several  generations  succeeding 
one  another.  Some  of  the  last  generation  here  produced  fly  back  to 
the  maple  in  the  fall,  there  producing  a  generation  of  males  ami 
females,  the  latter  laying  the  eggs  with  which  the  cycle  was  started. 
Those  on  the  alder  that  did  not  migrate  in  the  fall  crawl  down  to  the 
ground,  hiding  for  the  winter  on  the  roots  and  in  the  leaves  and 
debris  at  the  bottom  of  the  plant,  and  not  coming  out  ui\til  the  sap 
rises  the  following  spring,  whereupon  they  resume  the  usual  activities 
of  feeding  and  reproduction. 


•^  Proriphilufi  tesfwUatuH  Fitch. 
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Remedies, — Since  it  is  not  a  dangerous  insect  and  treatment  of  large 
trees  is  usually  costly,  it  is  not  imperative  to  do  anything.  Under 
certain  conditions  there  might  be  justification  for  either  destroying 
or  treating  alders  in  the  neighborhood,  and  the  maple  trees,  of  course, 
may  be  treated  direct.  Both  kerosene  emulsion  (p.  12-13)  and  40  per 
cent  nicotine  sulphate  (p.  13)  are  efficient  agencies  for  killing  this 
pest 


Fig.  61. — Woolly  boech  aphis  on  iindersido  of  Ipjivps. 
BEBCH-TREE   BLIGHT  APHIS"  AND  WOOLLY    BEECH   APHIS." 

How  injurious. — While  not  a  menace  to  the  life  of  trees,  the  beech- 
tree  blight  aphis  and  woolly  beech  aphis  frequently  occur  in  such 
abundance  as  not  only  to  mar  the  appearance  of  the  trees  but  also  to 
kill  twigs  and  young  trees.  The  woolly  beech  aphis  (fig.  61)  is  found 
to  be  specially  abundant  on  copper  beech  leaves. 

How  recognized, — The  masses  of  bluish- white  w^oolly  aphids  on  the 
■underside  of  the  limbs  are  the  beech-tree  blight  aphis  and  those  on 
the  underside  of  the  leaves  are  the  woolly  beech  aphis. 

**  ProcipMlua  imhiHoator  Fitch.  »  Ph'ylJaph48   fagi  L. 
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Habits. — Nothing  unusual  is  known  as  regards  the  habits  of  these 
insects,  so  that  a  reference  to  any  of  the  other  aphids  discussed  in  this 
bulletin  will  give  an  adequate  idea  on  this  subject. 

Remedies, — Kerosene  emulsion  (p.  12-13)  or  40  per  cent  nicotine 
sulphate  (p.  13),  applied  when  the  aphids  are  observed,  will  give 
necessary  relief. 

WOOLLY  ELM  BARK  APHIS." 

How  injurious. — The  vitality  of  trees  is  not  seriously  affected 
by  the  woolly  elm  bark  aphis  but  the  knotting  and  gnarling  of 
twigs  and  trunks  (fig.  62)  of  young  elm  trees  disfigure  them.    The 

white  elm  appears  to 
be  its  favorite  host 
tree. 

How  recognized. — 
When  this  insect  is 
present  and  at  work 
the  trunk  and 
branches  show  rough- 
ened  knots  with 
clusters  of  a  white, 
woolly  substance  and 
licelike  insects  dur- 
ing  the   spring  ami 

Fig.  62. — Work  of  woolly  elm  bark  aphis  on  large  elms  at       summer. 

Albuquerque,     N.     Mex.       (Photograph     by     WbltoRides,  rr    7  -^  ? 

Dec.  13,  1919.)  Hobits    and    rem- 

edies.—  This  insect 
spends  its  entire  life  on  the  elm  bark  so  that  treatment  on  this  tree 
will  effectively-  check  its  injurious  activity.  There  should  be  no 
difficulty  in  controlling  it  with  40  per  cent  nicotine  sulphate-  (p.  13), 
kerosene  emulsion  (p.  12-13),  or  a  5  to  7  per  cent  solution  of  a 
standard  miscible  oil  (p.  12)  applied  to  the  bark,  the  latter  in  winter. 

GALL-MAKING  INSECTS  AND  MITES. 

GENERAL. 

Leaves  and  branches  of  many  kinds  of  trees,  particularly  oak, 
maple,  hickory,  and  hackberry,  are  subject  to  a  great  variety  of 
peculiar  growths  called  galls,  most  of  which  are  made  by  insects  or 
mites  and  which  may  become  so  numerous  at  times  as  to  appear 
alarming.  They  vary  much  in  shape,  size,  color,  and  structure,  each 
being  so  characteristic  of  the  kind  of  insect  that  makes  and  inhabits 
it  as  to  afford  a  reliable  guide  to  the  specific  identity  of  the  architect 
in  very  many  cases. 

**Erio8oma  rileyi  Thos. 
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Karely  is  a  tree  harmed  by  these  galls  suflSciently  to  menace  its 
life  or  even  good  health.  Likewise  are  they  seldom  nmnerous  many 
years  in  succession,  but  while  they  last  they  do  mar  the  appearance 
of  otherwise  healthy  and  beautiful  trees,  and  their  spectacular  aspect 
tends  to  alarm  the  less  informed  tree  owners  and  wardens. 

Because  of  their  evanescence  and  comparative  harmlessness,  treat- 
ment for  gall  insects  is  rarely  imperative.  Another  deterrent  factor 
in  the  undertaking  of  control  measures  against  this  sort  of  injury  is 
the  necessity  of  rather  expensive  spraying  machinery  for  the  work 
in  many  cases,  and  the  cost  of  purchase  or  hire  of  this,  as  well  as 
of  its  operation,  added  to  the  cost  of  the  requisite  insecticides,  is 
apt  to  be  rather  excessive.  It  can  only  be  justified  where  cost  is  no 
consideration,,  and  even  then,  where  the  injury  is  not  likely  to  receive 
general  treatment  in  a  neighborhood,  the  results  of  the  operation  are 
likely  to  be  unsatisfactory  on  accoujit  of  reinfestation  from  untreated 
near-by  trees. 

LEAF-STEM   AND    OTHER   POPLAR   GALL   INSECTS." 

How  injurious. — The  vitality  of  trees  infested  with  these  aphids  is 
never  seriously  affected.  When  the  insects  are  abundant,  the  galls 
they  make  and  their  feeding  frequently  cause  a  heavy  dropping  of 
the  foliage  during  the  growing  season,  which,  like  the  misshapen 
galls  produced  by  some  of  them,  is  objectionable  because  it  tem- 
porarily disfigures  the  tree  and  litters  the  ground. 

II(yiv  recognized, — The  presence  of  these  aphids  is  shown  by  heavy 
premature  falling  of  the  leaves,  which  bear  rather  prominent  swell- 
ings on  the  midrib  or  loaf  stem,  the  licelike  insects  lining  the  insides 
of  them. 

Ilahits. — Of  the  several  species  of  these  aphids  known  to  make 
galls  on  poplar  leaves,  leaf  stems,  and  twigs,  the  seasonal  history  of 
only  the  species  here  noted  ^^  has  been  worked  out.  This  is  somewhat 
complicated  but  rather  interesting  and  is,  briefly,  as  follows :  By  the 
time  the  galls  are  full  grown  in  the  fall,  winged  forms  are  developed 
in  them  and  these  migrate  to  the  roots  of  cruciferous  plants  like 
cabbage,  turnip,  etc.,  where  they  breed  until  the  following  spring. 
At  that  time  a  generation  of  winged  forms  is  again  produced  and 
these  fly  back  to  poplar  where  they  give  birth  to  wingless  males  and 
females  on  the  bark.  After  mating  the  female  lays  one  egg  which 
hatches  into  the  form  known  as  stem  mother.  The  young  stem 
mother  appears  about  the  time  the  leaves  begin  to  develop  and  mi- 
grates to  and  settles  to  feed  on*  a  stem  of  a  leaf,  which  begins  to 
swell  and  grow  around  her  until  she  is  completely  enveloped  by  the 

«•  Pemphiyvs  populi-transt^eraus  Riley  et  »pp. 
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gall.  Within  this  gall  she  reaches  maturity  and  gives  birth  to  the 
numerous  living  lice  that  we  find  filling  it  in  midsummer.  The 
characteristic  feature  of  the  gall  made  by  this  species  is  that  its 
mouth,  which  later  serves  as  an  outlet  for  its  inhabitants,  nins 
crosswise  of  the  leaf  stem.  This  seasonal  history  applies  to  the 
South  where  the  study  was  made,  and  while  in  the  main  it  doubtless 

applies  also  to  the  Xorth 
there  may  bo  some  sea- 
sonal differences. 

Remedies. — For  reasons 
advanced  in  connection 
with  other  less  injurious 
insects,  circumstances  are 
rarely  such  as  to  merit  or 
justify  control  measures. 
In  extreme  cases,  however, 
the  application  of  remedial 
measures  might  be  con- 
sidered. Depending  on 
conditions,  control  in  such 
cases  may  be  centered 
either  on  cruciferous  plants 
or  on  poplar  trees.  In  the 
latter,  removing  and  biu*n- 
.  ing  of .  the  infested  leaves 
or  dipping  them  in  kero- 
sene to  kill  the  insects 
would  greatly  assist  in  re- 
ducing their  numbers. 

HICKORY  GALL-INSECTS." 

Evidence    of    infeista- 
flon. — In  the  spring,  when 

Fio.  63.— The  hickory  phyHoxera   {Phylloxera  sp.)  :      the     IcaVCS    and     twigS    are 

Galls  oa  pecan,    (Gill.)  forming  on  the  hickory, 

these  are  frequently  more  or  less  deformed  by  peculiar  tumorlike 
growths  of  various  shapes  and  sizes  (fig.  63).  These  are  caused  either 
by  gall-lice  related  to  the  grape  phylloxera  or  by  gall  midges.  Wlien 
these  galls  occur  in  large  numbers  they  disfigure  the  affected  parts 
and  attract  attention,  but  this  rarely  affects  the  vitality  of  the  tree 
materially.  Their  great  variety — 30  species  of  Phylloxeridae  and 
28  of  Itonididae,  beside  3  mites  (Eriophyidae)  are  listed  under 
hickory   in   the   latest   work  on   American   gall   insects — and   their 


'Families  Phylloxeridae  and  Itonididae. 
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general  distribution  entail  heavy  infestation  at  some  place  in  the 
country  each  season,  with  consequent  frequent  inquiry  as  to  the 
cause  and  remedy,  so  that  consideration  of  them  here  is  made 
necessary,  if  for  no  other  reason,  to  allay  the  prevailing  fear  of  the 
consequence  of  their  attack.  The  similarity  of  effect  and  economic 
relation  invite  joint  consideration  of  all  hickory  gall  insects. 

Seasonal  history  and  habits. 

Phylloxerulae. — From  early  June  of  one  year  to  early  April  of  the 
next,  or  about  10  months  of  the  year,  is  passed  by  these  insects  in  the 
egg  stage  located  in  cracks  and  crevices,  old  galls,  etc.,  on  the  hickory 
tree,  particularly  on  the  upper  part  of  it.  Coincident  with  the  burst- 
ing of  the  buds  in  the  spring  these  eggs  begin  to  hatcli,  and  the  larvae 
ultimately  become  the  so-called  stem  mothers.  These  stem  mothers 
settle  on  the  young  twigs,  leaf  stems,  midribs,  or  forming  nuts  and 
each  of  them  starts  the  formation  of  a  gall  with  an  inner  cavity.  In 
about  20  days  from'  the  time  the  gall  is  started  the  stem  mothers  de- 
posit large  numbers  of  eggs  from  which,  in  about  20  days,  a  genera- 
tion of  winged,  migrating  females  develops.  By  this  time  the  gall 
begins  to  open,  thus  allowing  the  insects  to  escape  and  fly.  These 
migrants  in  turn  lay  eggs  on  the  trees,  and  in  about  10  days  the  young 
develop  into  wingless  males  and  females  and  the  mature  females  lay 
fertile  eggs,  which  remain  on  the  tree  until  the  following  spring,  when 
the  complicated  life  cycle  is  repeated.  Most  of  the  known  species  of 
this  group  infest  hickory  trees. 

Itonididae. — Very  little  is  known  about  the  habits  of  the  hickory 
gall  midges  except  that,  where  an  egg  is  laid  and  a  larva  hatches 
from  it  and  develops,  the  plant  tissue  produces  abnormal  growth 
resulting  in  a  larger  or  smaller  gall,  constant  in  shape  and  in  other 
respects  for  each  given  species. 

Artificial  control. — Under  wild  or  forest  conditions  artificial  con- 
trol is  entirely  impracticable  and  unnecessary,  but  in  the  case  of 
valued  shade  or  nut-producing  trees  that  are  regularly  infested  by 
the  galls,  it  may  be  desirable  to  spray  the  trees  with  kerosene  emul- 
sion (p.  12-13)  at  the  time  the  buds  are  opening  in  the  spring,  which 
should  kill  the  stem-mothers  or  young  maggots,  as  the  case  may  be, 
and  thus  prevent  the  development  of  the  galls. 

HACKBERRY  GALL-INSECTS." 

How  injurious. — The  galls  made  by  this  group  of  insects  occur 
only  on  hackberry  trees.  In  general  outer  appearance  these  galls  do 
not  differ  from  the  almost  equally  numerous  fly  galls  that  occur  on 
these  trees,  nor  are  they  more  injurious.  They  occur  on  the  leaves, 
leaf  stems,  and  twigs  and,  when  very  numerous,  disfigure  the  appear- 
ance of  the  foliage,  but  that  is  about  all  the  harm  they  do. 

^  PachppsyUa  spp. 
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Uow  recognized. — ^Affected  parts  bear  greater  or  smaller  numbers 
of  protuberances  or  deformities  of  various  more  or  less  uniform 
shapes  and  sizes.  These  are  provided  with  openings  and  when  fresh 
contain  one  or  more  pink  tinged,  bluish  green,  immature  insects. 

Habits. — The  insects  in  the  galls  attain  maturity  in  the  fall,  and  in 
this  state  pass  the  winter-  in  cracks  of  the  bark  on  hackberry  or 
among  the  debris  on  the  ground.  At  the  time  buds  on  these  trees 
begin  to  swell  and  open  in  the  spring  the  insects  begin  feeding  on  the 
tender  growth  arid  laying  eggs  on  the  leaves.  In  about  three  weeks 
the  eggs  hatch  and  the  feeding  of  the  ensuing  insects  causes  swelling 
of  the  tissue  arou^d  them  until  they  are  almost  completely  inclosed. 
Thus  one  life  round  is  completed  in  a  year. 

Kennedies. — In  the  rare  instances  when  remedial  measures  are  war- 
ranted, application  of  a  contact  insecticide  like  kerosene  emulsion 
(p.  12-13)  or  water-soluble  oil  (p.  13),  at  the  time  the  young  appear 
on  the  leaves  in  the  spring  and  before  the  galls  are  entirely  closed, 
should  give  considerable  relief. 

OAK  GALL-INSECTS.'" 

How  injurious. — Over  400  species  of  gall-making  insects  are  known 
to  affect  oaks,  and  great  is  the  variety  of  these  galls  in  shape,  size,  and 
structure,  all  parts  of  the  tree  from  the  root  up,  including  buds, 
flowers,  and  fruits,  being  subject  to  these  deformities.  A  tree  or  part 
of  it,  particularly  its  foliage,  may  be  literally  covered  with  the  galls 
of  one  or  more  species  or  may  be  completely  changed  by  them,  and, 
while  the  aspect  is  not  always  agreeable,  the  life  or  health  of  the  tree 
is  never  menaced  thereby. 

Hoiv  recognized. — Either  the  size,  the  shape,  the  color,  or  the 
number  of  these  abnormal  growths  leads  to  their  ready  detection, 
especially  on  the  foliage.  The  specific  identity  of  the  particular 
architect,  however,  can  be  determined  only  by  the  special  student  of 
this  group  of  insects.  To  tree  wardens  this  identity  is  of  secondary 
consideration,  since  the  injury  is  so  rarely  of  more  than  secondary 
importance. 

n obits. — No  general  outline  of  the  habits  applying  to  all  these  gall 
builders  can  be  given.  Not  all  of  them  are  known,  and  there  are  too 
many  even  of  those  known  for  enumeration  in  this  bulletin.  Roughly, 
however,  the  habits  are  as  follows : 

The  gall  wasps. — In  some  of  the  gall  wasps  a  life  cycle  has  been 
found  made  up  of  several  generations,  only  one  of  which  consists  of 
the  two  sexes.  The  females  of  the  original  generation  usually  lay 
their  eggs  between  March  and  May,  and  frequently  during  the  period 
from  November  to  January,  while  those  of  the  paired  generation  lay 
their  eggs  between  June  and  August.  The  eggs  are  laid  either  on  or 
in  the  particular  portion  of  the  plant  they  infest,  and  the  developing 

«Oall  wasps  (family  Cynipldae)  ;  gall  gnats  (family  Itonidldae). 

Digitized  by  LjOOQIC 


Insects  of  Shade  Trees  and  Their  Control.  93 

egg  starts  and  stimulates  the  growth  of  the  gall  around  it.  The  grub 
which  hatches  from  the  egg  is  footless,  creamy  or  white  in  color, 
and  feeds,  grows,  and  transforms  to  the  adult  four- winged  fly  in  a 
cell  in  the  gall  and  then  bores  its  way  out  into  the  open. 

The  gall  gnats. — ^The  adult  insect  is  usually  a  rather  small,  two- 
winged  gnat,  seldom  recognized  by  other  than  entomologists.  In  the 
course  of  flight  the  eggs  are  laid  on  the  surface  of  the  object  of  attack, 
which  may  be  leaf,  flower,  fruit,  bud,  or  stem.  Wherever  the  egg  is 
Inid  the  tissue  around  it  reacts  by  producing  an  unusual  growth 
culminating  in  a  closed  gall  wherein  the  creamy,  greenish,  yellowish, 
or  pinkish  maggot  feeds  and  may  be  found  while  the  gall  is  still  green. 
The  pupa  is  formed  within  the  gall,  or  else  the  maggot,  upon  reach- 
ing full  growth,  drops  to  the  ground  and  there  transforms  to  the  pupa 
and  subsequently  to  adult  fly.  There  is  apparently  only  one  genera- 
tion a  year  in  most  of  these  flies. 

Remedy. — ^Where  some  action  is  imperative — ^and  this  can  only 
be  true  of  very  highly  prized  trees  after  several  years  of  repeated 
infestation — cutting  and  burning  of  gall-laden  wood  or  fallen  leaves 
while  the  insects  are  still  within  the  galls  is  bound  to  result  in  con- 
siderable benefit  if  the  work  is  carried  out  on  the  infested  oaks  of  a 
sufficiently  extensive  area. 

RED  SPIDERS* 

('haracter  and  extent  of  damage, — During  a  protracted  drought  the 
red  spider  is  likely  to  become  very  injurious,  attacking  a  great  va- 
riety of  plants.  Whole  trees,  especially  seedlings  and  nursery  stock, 
are  apt  to  have  their  foliage  killed  by  it. 

Evidence  of  infestation. — Pale  brownish  spots  which  may  later 
cover  the  foliage  of  the  entire  plant  and  a  web  sometimes  so  dense  as 
to  be  plainly  visible  at  a  considerable  distance  appear  on  the  leaves. 
On  examination  with  a  magnifying  lens  the  affected  leaves  are  found 
to  bear  numerous,  tiny,  pearl-like  eggs,  brownish  or  reddish  little 
creatures  running  about,  or  the  glistening  empty  eggshells  and  cast 
skins  of  the  mites. 

Seasonal  history  and  habits. — '^  Red  spider ''  is  the  name  most  often 
applied  to  two  species  of  web-spinning  mites.  Mites  differ  from  true 
insects  in  having  four  pairs  of  legs  in  the  adult  stage  (fig.  &4). 
They  pass  the  winter  as  adult  females  on  various  wild  plants.  In  the 
spring  they  ascend  plants  and  start  egg  laying  at  the  rate  of  5  to  10 
eggs  a  d^y  for  a  period  of  8  to  12  days.  During  hot,  dry  weather 
the  eggs  hatch,  in  about  4  days  after  having  been  laid,  into  young 
mites  which  commence  feeding  almost  immediately.  They  reach  ma- 
turity in  10  to  14  days  after  hatching,  depending  on  the  season  and 
locality.    Many  generations  follow  one  another  in  the  course  of  one 

^Tetranyohut  tdarlus  L.  and  spp. 
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summer.  Usually  by  the  time  their  presence  is  discovered  they  are 
already  very  numerous.  They  live  and  feed  in  colonies  and  their 
feeding  consists  in  sucking  the  juices  from  leaves. 

Remedies, — A  stiff  stream  of  water,  frequently  applied,  will  rid 
plants  of  the  red  spider  in  many  cases.  Individual  trees  may  be 
sprayed  with  lime-sulphur  (p.  11-12)  mixed  with  soapy  water  or 
kerosene  emulsion  (p.  12,  13).  Kerosene  emulsion  or  miscible  oil 
mixed  with  nicotine  sulphate  in  the  usual  proportions  should  also 
give  satisfactory  results.     Make  at  least  two  applications  with  a 

10-day  interval  between  them,  the  first 
as  soon  as  the  mites  appear. 

GALL-MAKING  MITES.'' 

II ow  injurious, — The  galls  made  on 
shade  trees  by  these  microscopic  ani- 
mals are  most  often  located  on  the 
leaves  or  other  tender  part  of  the  grow- 
ing plant  and,  while  the  affected  parts 
may  be  badly  misshapen  or  discolored, 
serious  harm  to  the  vitality  of  vigorous 
trees  is  rare. 

Haw  . recognized. — The  mite-made 
gall  is  always  open  and  the  opening  is 
fringed  with  hairy  growth,  or,  in  fact, 
the  very  gall  may  consist  of  but  a 
larger  or  smaller  clump  of  such  hairs. 
In  the  later  stagers  of  development  some  of  these  galls  assume  red 
and  other  colors,  all  invariably  turning  brown  after  being'  deserted 
by  the  mites. 

Ilabits, — The  mites  overwinter  hidden  under  bud  scales  and  prob- 
ably also  bark  scales,  and  start  feeding  and  reproduction  early  in  the 
spring,  in  known  cases  before  the  buds  open.  The  nimiber  of  genera- 
tions produced  during  the  growing  season  by  any  given  species  is  not 
definitely  known,  but  evidently  there  are  several  of  them.  When  the 
food  supply  on  a  given  spot  gives  out  the  mites  migrate  to  another, 
often  covering  whole  leaves  or  deforming  the  buds  of  entire  trees  in 
the  course  of  a  season.  Their  eggs  are  laid  on  the  surface  of  the 
affected  area  and  the  feeding  is  supposed  to  cause  the  irritation  which 
produces  the  abnormal  growth.  No  explanation  is  yet  available  for 
the  characteristic  gall  made  by  each  species  of  mite,  even  though  pro- 
duced on  the  same  plant. 

Rem^^dies, — Thorough  spraying  of  infested  trees  during  the  dormant 
season  with  a  contact  insecticide,  like  kerosene  emulsion  (p.  12-13) 
or  miscible-oil  solution,  should  well-nigh  exterminate  a  bad  colony. 

w  Family  Eriophyldae. 
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DECIDUOUS  SHADE-TREE  INSECTS  ARRANGED  ACCORD- 
ING  TO  THE  MANNER  OF  ATTACK  AND  KIND  AND 
PART  OF  TREE  SUBJECT  TO  IT. 

ALDER. 
See  Maple,  p.  98. 
ASH, 
Mite. 

Deformed  buds Ash-bud  gaU-nUte,  p.  94. 

Borer. 

Wood  of  trunk  especially  near  base,  honeycombed,  burrows  packed  with 
granular  frass Parandra  horer^  p.  61. 

BOXBLDER. 
Sap  suckers. 

(1)  Masses  of  a  reddish  bu^  on  tree  trunk  and  branches  and  a  nuisance 
about  dwellings  in  full B^xclder  plant-hug^  p.  75. 

(2)  Leaf  sap-sucking,  licelike  insects Bojoelder  aphis,  p.  85. 

BEECH. 
Sap  suckers. 

(1)  Masses  of  bluish-white,  woolly  aphlds  on  underside  of  limbs 

Beech'trce  blight  aphis,  p.  87. 

(2)  Masses  of  bluish-white,  woolly  aphids  on  underside  of  leaves 

Woolly  beech  aphis,  p.  87. 
BIRCH. 
Borer. 

Reddish  or  rusty  brown  spots  on  white  bark  of  trunk  and  larger  branches, 
which,  on  being  cut  through,  usually  disclose  i)ecullar  winding  bur- 
rows In  bark  and  wood ;  ridges  In  the  bark  on  the  branches  which  often 

develop  over  the  burrows;  dying  tops  of  the  trees 

^  Bronze  birch  borer,  p.  59. 
BUTTERNUT. 

See  Wahiut,  p.  100. 

CATALPA. 
Leaf  chewer. 

Leaves  eaten  by  yellow  and  black  striped  caterpillars  having  a  short  horn 

near  hind  end  of  body;  caterpillar  droppings  beneath  trees 

Catalpa  sphiru?,  p.  33. 
CHESTNUT. 

See  Oak,  p.  98-90. 
COTTONWOOD. 

See  poplar,  p.  99. 
ELM 
Leaf  chewers. 

(1)  Ixyives  show  holes  in  early  spring;  later,  abrasions  on  underside 
and  holes Ebn  leaf-beetle,  p.  38. 

(2)  Holes  In  leaves  with  spindle-s'hai)ed  bags  near  by Bagworm.  p.  31. 

(3)  Leaves  partly  or  entirely  eat^n  by  spiny,  black,  red-marked  cater- 
pillars up  to  2  inches  long Hpiny  elm  caterpillar,  p.  48. 

(4)  Twigs  or  branches  covered  with  web  containing  hairy  caterpillars. 

Fall  icebirorm,  p.  40. 

(5)  Leaves  being  eaten  by  caterpillars  with  blue  head  and  silvery, 
diamond-shaped  spots  along  the  back Forest  tent  caterpillar,  p.  35. 

"  This  borer  is  to  be  foond  lu  a  great  variety  of  species  of  both  (J^qidnous  and  conlf- 
erous  trees. 
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(6)  Leaves  eaten  by  green  looping  caterpillars  or  measuring  wormB — 

Spring  cankonccrm,  p.  38^ 

(7)  White,  frothlike  egg  masses  on  tree  trunk ;  leaves  more  or  less  eaten 
by  yellow  caterpillars  with  black  and  red,  hair  pencils  on  back 

White-marked  tussock  nwthf  p.  41 

(8)  Leaves  blistered  or  eaten  by  coiled,  yellowish- white  worms  with 
black  line  along  back Large  elm  saw  fly  y  p.  5L 

Borers. 

(1)  End  leaves  turning  brown  and  falling  in  summer;  tops  and  branches 
fail  to  leaf  in  spring ;  trunk  and  branches  show  patches  of  dead,  easily 
peeling  bark  with  burrowing,  roundheaded  grubs  beneath  it 

Elm  borer,  p.  55. 

(2)  Twigs  wilt  and  break  off,  bark  splits  open,  showing  ugly  scars;  chips 
and  matted  excrement  at  entrance  to  burrow  on  twig  or  trunk 

Leopard  moth,  p.  68. 

(3)  Girdled  twigs  hanging  on  trees  or  lying  on  ground  below  trees 

Tivig  girdlcTy  p.  7L 
Sap  suckers. 

(1)  Young  bark  more  or  less  covered  with  brown  or  gray,  elongate, 
more  or  less  curved,  shell-like  bodies,  readily  raised  with  knife  point 
or  finger  nail ^ Oyster-shell  scale,  p.  77. 

(2)  Bark  on  trunk  or  branches  bearing  larger  or  smaller  rough,  white, 
meal-covered  knots Woolly  elm  hark  aphis,  p.  88. 

(3)  Branches  and  trunk,  especially  at  crotches,  more  or  less  crowded 
witli  stationary  brownish  insects  bordered  by  cottony  white 

European  elm  scale,  p.  82. 

(4)  Cockscomblike  growth  on  leaves QaU  aphids,  p.  88. 

GUM,  SOUR. 
Borer. 

Girdled  twigs  hanging  on  trees  or  lying  on  ground  below  them 

Twig  girdler,  p.  71 

GUM,  SWEET. 
Leaf  chewer. 

Leaves  being  eaten  by  caterpillars  with  blue  head  and  silverj',  diamond- 
shaped  spots  along  the  back Forest  tent  caterpillar,  p.  35. 

HACKBERRY. 
Leaf  chewers. 

(1)  leaves  partly  or  entirely  eaten  by  spiny,  black,  red-marked,  cater- 
pillars up  to  2  Inches  long Spiny  elm  caterpillar,  p.  48. 

(2)  Leaves  being  eaten  by  green  caterpillars  with  pale  spots  and  lines 
along  back  and  projections  on  head  and  rear 

Caterpillars  of  hackberry  butterflies,  p.  48. 
Galls. 

On  leaves  and  twigs  growths  (galls)  of  various  shapes  and  sizes 

Hackberry  gall  insects,  p.  9L 

HICKORY. 
Leaf  chewer. 

L.eaves  being  eaten  by  gregariously  feeding  caterpillars  which,  when  faD 
grown,  are  black,  covered  with  dirty  gray  hairs,  and  nearly  2  inches 

long Walnut  caterpUlar,  p.  4C 

Borer. 

(1)  Tieaves  eaten  at  base  of  stem ;  tree  sickly,  bark  inside  and  surfiice  of 
outer  wood  with  centipede-like  engravings^ ^Hickory  barkbeetle,  p.  72. 

(2)  Girdled  twigs  hanging  on  trees  or  lying  on  ground  below  trees 

Ttcig  girdler,  p.  7L 
GaUs. 

Abnormal  growth  on  leaves  and  leaf  stems OaU  aphids,  p.  90. 
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HONEY  LOCUST. 
Leaf  chewer. 

White  frothlike  egg  masses  on  tree  trunk ;  leaves  more  or  less  eaten  by 

yellow  caterpillars  with  black  and  red  hair-pencils  on  back 

White-marked  tussock  moth,  p.  41. 
Borer. 

Girdled  twigs  hanging  on  trees  or  lying  on  ground  below  trees 

Twig  girdler,  p.  71. 
HORSE  CHESTNUT. 
Leaf  chewer. 

White  frothlike  egg  masses  on  tree  trunk;  leaves  more  or  less  eateh  by 

yellow  caterpillars  with  black  and  red  hair-pencils  on  back 

White-marked  tussock  moth,  p.  41. 
Borer. 

Twigs  wilt  and  break  off ;  bark  splits  open,  showing  ugly  scars ;  chips  and 

matted  excrement  at  entrance  to  burrow  on  twig  or  trunk 

Leopard  moth,  p.  68. 
Sap  sucker. 

Young  bark  more  or  less  covered  with  brown  or  gray,  elongate,  more 
or  less  curved,  shell-like  bodies,  readily  raised  with  knife  point  or  finger 
nail Oyster-shell  scale,  p.  77. 

LINDEN. 
Leaf  chewers. 

(1)  Holes  in  leaves  with  spindle-shaped  bags  near  by Bagworm,  p.  31. 

(2)  Leaves  being  eaten  by  caterpillars  with  bliie  head  and  silvery,  dia- 
mond-shaped spots  along  the  back Forest  tent  caterpillar,  p.  35. 

(3)  White  frothlike  egg  masses  on  tree  trunk:  leaves  more  or  less  eaten 
by  yellow  caterpillars  with  black  and  red  hair-pencils  on  back 

White-marked  tussock  m<tth,  p.  41. 

(4)  Leaves  blistered  or  eaten  by  colled,  yellowish- white  worms  with  black 
line  along  back Large  elm  sawfly,  p.  51. 

Borer. 

(1)  Toward  end  of  summer  tips  dead  and  green  bark  eaten  ;  large  irregu- 
lar burrows  made  by  slender  white  grub  under  the  bark  and  deep  in  the 
wood  near  ground TAndcn  borer,  p.  57. 

(2)  Girdled  twigs  hanging  on  trees  or  lying  on  ground  belo%Vthem 

Ttvig  girdlcr,  p.  71. 
Sap  sucker. 

Young  bark  more  or  less  covered  with  brown  or  gray,  elongate,  more 
or  less  curved,  shell-like  bodies,  readily  raised  with  knife  point  or 
finger  nail Oyster-shell  scale,  p.  77. 

LOCUST. 
Leaf  chewers. 

(1)  Holes  in  leav^  with  spindle-shaped  bags  near  by Bagworm,  p.  31. 

(2)  Leaves  being  eaten  by  caterpillars  with  blue  head  and  silvery,  dia- 
mond-shaped spots  alon^  the  back ^Forest  tent  caterpillar,  p.  35. 

(3)  Foliage  on  tree  as  if  fire  scorched;  leaves  bllsterefl  and  hollowed 
out Locust  leaf-miner,  p.  43. 

Borers. 

(1)  Trunk  and  branches  gnarled,  breaking,  and  showing  wet  spots  and 
boring  dust - i Locust  borer,  p.  63. 

(2)  Smaller  twigs  wilting,  strings  of  frass  dangling  from  holes  in  bark, 
worm  in  burrows  vivid  reddish-white,  greenish  beneath 

Carpenter  worm,  p.  69. 
MAGNOLIA. 
Sap  suckers,  scale  insect 

W^ood  of  branches  sickly,  blackened,  and  underside  beset  with  vivid  gray 
or  brown,  raised,  rather  large  scales Magnolia  soft  scale,  p.  81 

5e92*— 21 1 
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MAPLE. 
Leaf  chewers. 

(1)  Holes  in  leaves  with  spindle-shaped  bags  near  by Bagtcortn,  p.  31 

(2)  Leaves  being  eaten  by  caterpillars  with  blue  head  and  silvery,  dia- 
mond-shaped spots  along  the  back Forest  tent  caterpillar,  p.  35. 

(3)  White  frothlike  egg  masses  on  tree  trunk;  leaves  more  or  less  eaten 
by  yellow  caterpillars  with  black  and  red  hair  pencils  on  back 

White-marked  tussock  moth,  p.  4L 

(4)  leaves  eaten  by  smooth,  pale  yellowish-green  caterpillar,  length- 
wise striped  with  dark  green  and  with  a  pair  of  black  "  horns  "  and 
black  pegs  along  sides  and  rear  end^^Oreenrstriped  maple  worm^  p.  44. 

Borers. 

(1)  Foliage  on  limb  wilting  and  dying  and  sap  with  some  frass  oozing 
from  some  point  on  tree ;  limbs  dead,  ridges  and  dead  spots  on  bark ; 
naked  scars  on  trunk  near  base  of  limbs;  three-eighths  to  flve-elghths 
inch  oval  holes  at  base  of  tree Sugar-maple  borer,  p.  53. 

(2)  Twigs  wilt  and  break  off;  bark  split  open,  showing  ugly  scars;  chips 
and  matted  excrement  at  entrance  to  burrow  on  twig  or  trunk 

Leopard  moth,  p.  68. 

(3)  Smaller  twigs  wilting,  strings  of  frass  dangling  from  holes  in  bark, 
worm  in  burrows  vivid  reddish-white,  greenish  beneath 

Carpenter  worm,  p.  09. 

(4)  Ground  beneath  tree  strewn  with  hollowed-out,  cut-off  twigs;  white 
grub  with  brown  jaws  in  hollow  when  fresh :._. 

Maple  and  oak  twig-pruner,  p.  70. 

Sap  suckers,  scale  insects. 

(1)  Young  bark  more  or  less  covered  with  brown  or  gray,  elongate,  more 
or  less  curved,  shell-like  bodies,  readily  raised  with  knife  iwint  or  finger 
naU Oyster-sheU  scale,  p.  T7. 

(2)  On  twigs  and  leaves  in  summer,  white,  fluffy  cottonlike  masses  with 
darker  blotch  toward  one  end Cottony  maple  scale,  p.  iS. 

(3)  Tree  ailing,  bark  of  trunk  and  branches  more  or  less  incrusted  and 
roughened  by  stationary,  black,  circular  scales;  also  white  circles 

Gloomy  scale,  p.  78. 

(4)  Tree  ailing,  twigs  blackened  and  more  or  less  thickly  incrusted  with 
raised,  reddish  scales,  ridged  along  edges Terrapin  scale,  p.  8L 

Sap  suckers,  aphids. 

(1)  Abundance  of  bluish-white  wriggling  cottony  fluff  on  underside  of 
maple  leaves  in  spring  and  summer 

Woolly  maple  and  alder  aphis,  p.  88. 

(2)  I-eaves  discolored  and  sticky  with  honeydew  and  ground  beneath 
trees  covered  with  the  same;  yellowish  green,  browrn  marked,  mostly 
wingless  aphids  of  various  sizes  with  reddish  eyes  and  long  hairy 
antennae  on  underside  of  leaves Norway  maple  aphis,  p.  84. 

(3)  Leaves  more  or  less  densely  covered  with  one  -or  more  of  the  fol- 
lowing growths:  "Pouch"  or  "nail"  galls  (mite  made);  "eye" 
spots  (fly  made) , 1 — Oall  insects  and  mites,  p.  88. 

OAK.    . 

Leaf  chewers. 

(1)  Holes  in  leaves  with  spindle-shaped  bags  near  by Bagworm,  p.  SL 

(2)  Leaves  being  eaten  by  caterpillars  with  blue  head  and  silvery 
diamond-shaped  spots  along  the  back Forest  tent  caterpillar,  p.  35. 

(3)  White  frothlike  egg  masses  on  tree  trunk;  leaves  more  or  less  eaten 
by  yellow  caterpillars  with  black  and  red  hair  pencils  on  back 

White-marked  tussock  moth,  p.  41. 

(4)  Leaves  eaten  by  looping  caterpillars  or  measuring  worms 

FaU  cankenoarm,  p.  36. 
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Borers. 


(1)  Smaller  twigs  wilting,  strings  of  frass  dangling  from  holes  in  bark, 
worm  in  burrows  vivid  reddish-white,  greenish  beneath 

Carpenter  worrHy  p.  69. 

(2)  Twigs  wilt  and  break  off;  bark  splits  open,  showing  ugly  scars; 
chips  and  matted  excrement  at  entrance  to  burrow  on  twig  or  trunk_- 

Leopard  moth,  p.  68. 

(3)  Trees  sickly,  inside  of  bark  densely  scored  by  frass-fllled  mines 
running  in  al  directions Two-lined  oak  and  chestnut  borer,  p.  61. 

(4)  Ground  beneath  tree  strewn  with  hollowed-out,  cut-off  twigs;  white 
grub  with  brown  jaws  In  hollow  when  fresh 

Maple  and  oak  ttcig-pruner,  p.  70. 
Sap  suckers,  scale  insects. 

(1)  Leaves  and  tender  shoots  crumpled  up,  older  leaves  and  twigs 
studded  with  stationary  brown,  pea-shaped  scale  insects 

Pubescent  oak  Kcrmes,  p.  79. 

(2)  Tree  ailing,  smooth  bark  of  tnink  and  branches  more  or  less  in- 
crusted  and  roughened  by  stationary  black,  circular  scales;  also 
white  circles Obscure  scale,  p.  79. 

Galls. 

Swellings  of  various  shapes  and  dimensions  on  upper  and  under  side  of 
leaves  or  on  twigs Oak  galls,  p.  92. 

PERSIMMON. 
Borer. 

Girdled  twigs  hanging  on  trees,  or  lying  on  ground  below  trees 

Ticig  girdler,  p.  71. 

POPLAR. 
Leaf  c hewers. 

(1)  Leaves  with  holes  bitten  part  way  or  entirely  through,  later  entirely 
consumed  by  .sjKJtted,  soft-bodied,  short,  stoutlsh  grubs  and  spotted  or 
striped  beetles  one-half  inch  long : 

Cottonwood,  poplar,  and  tcillow  leaf-beetles,  p.  50. 

(2)  Holes  In  leaves  with  spindle-shaped  bags  near  by.. ^Bag worm,  p.  31. 

(3)  Leaves  partly  or  entirely  eaten  by  spiny,  black,  red-marked  cater- 
pillars, up  to  2  Inches  long Spiny  elm  caterpillar,  p.  48. 

(4)  Leaves  blistered  or  eaten  by  coiled  yellowish-white  worms  with 
black  line  along  back Large  elm  saw  fly,  p.  51. 

(5)  Leaves  being  eaten  by  caterpillars  with  blue  head  and  silvery, 
diamond-shaped  spots  along  the  back Forest  tent  caterpillar,  p.  35. 

(6)  White  frothlike  Q^f;  masses  on  tree  trunk ;  leaves  more  or  less  eaten 
by  yellow  caterpillars  with  black  and  re<l  hair  pencils  on  back 

White-marked  tussock  moth,  p.  41. 

(7)  Twigs  or  branches  covered  with  web  containing  hairy  caterpillars 

Fall  web  worm,  p.  40. 

(8)  Leaves  being  eaten  by  caterpillars  with  long,  soft,  drooping,  yellow 
hairs  and  with  five  rather  long,  stiff  tufts  of  black  hairs  along  the  back ; 
when  at  rest,  curled  up  on  underside  of  leaf 

Cottonwood  dagger  moth,  p.  47. 

Borers. 

(1)  On  trunk  at  crotches  irregular  scars  from  which  sap  oozes  and 
fibrous  borings  protrude Aspen  borer,  p.  58. 

(2)  Dead  or  dying  limbs,  swellings  and  dead  patches  of  bark  often 
cracked  open  on  limbs  and  trunk;  fading  foliage;  sawdust  and  oozing 
sap  at  points  of  attack ;  injured  twigs  with  burrow  along  middle  with 
white,  fleshy,  footless  grub  at  some  point 

Mottled  willow  and  popular  borer,  p.  65. 
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(3)  Trees  breaking,  tops  sickly,  shcwdded  boring  dust  in  piles  on  ground 
beneath  trees;  borer  work  under  bark  close  to  ground 

Cottonwood  borer,  p.  06. 

(4)  Smaller  twigs  wilting,  strings  of  frass  dangling  from  holes  in  bark, 
worm  in  burrows  vivid  reddish  white,  greenish  beneath 

Carpenter  worm,  p.  69. 

(5)  Girdled  twigs  hanging  on  trees,  or  lying  on  ground  below  trees 

Ttcig  girdler,  p.  71. 
Sap  suckers,  scale  insects. 

Young  bark  more  or  less  covered  with  brown  or  gray,  elongate,  more  or 
less  curved,  shell-like  bodies,  readily  raised  with  knife  point  or  finger 
nail Oyster-shell  scale,  p.  77. 

Sap  sucker,  gall-maker. 

Leaves  bearing  prominent  swelling  on  stem  and  dropping  prematurely — 

Poplar  leaf-stem  gallraphU,  p.  89. 

SYCAMORE. 
Leaf  chewer. 

(1)  Holes  in  leaves  with  spindle-shaped  bags  near  by Bagworm,  p.  EL^ 

(2)  White  frothlike  egg  masses  on  tree  trunk;  leaves  more  or  less  eatOft 
by  yellow  caterpillars  with  black  and  red  hair-pencils  on  back — . 

White-marked  tussock  moth,  p.  4SU  ' 

Sap  sucker,  bug.  • 

Leaves  off  color  in  spots  or  entirely ;  underside  shelters  colonies  of  f^ksw^ 
moving,  lacelike  bugs  and  their  young Sycamore  lace  bug,  p.  Ti 

TULIP  TREE. 

Sap  sucker,  aphid. 

Leaves  discolored,  dropping,  with  numerous  aphids  on  underside,  sticiy 
with  honeydew Tulip-tree  aphis,  pw  flL 

Sap  sucker,  scale  insect. 

Sickly,  blackened  branches  beset  with  vivid  gray  or  brown,  rather 
high  scales i Tulip-tree  soft  scale,  p. 

WALNUT. 
Leaf  chewer. 

Leaves  being  eaten  by  gregariously  feeding  caterpillars  which,  wtieti 
grown,  are  black,  covered  with  dirty  gray  hairs,  and  nearly  2 
long Walnut  caterpUlar,  p. 

WILLOW. 
See  Poplar,  p.  99. 
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TIMOTHY  AND  RED  CLOVER  form  the  basis  of 
hay  growing  on  good  soils  in  the  northeastern 
one-fourth  of  the  United  States. 

Alsike  clover  is  better  adapted  to  "sour**  and 
moist  soils  than  common  red  clover,  and  the  two  are 
often  used  on  uplands  mixed  together  to  insure  a 
stand. 

Redtop  is  the  best  wet-land  grass,  but  meadow 
fescue  and  timothy  will  thrive  under  fairly  moist 
conditions. 

A  good  wet-land  mixture  is  redtop,  meadow 
fescue,  and  alsike  clover. 

There  are  no  good  poor-land  hay  grasses.  Redtop, 
orchard  grass,  and  tall  oat-grass  will  make  a  stand 
on  soils  of  medium  productivity,  but  it  requires  a 
rich  soil  for  commercial  hay  growing. 

The  best  temporary  hay  plants  are  the  small 
grains,  either  alone  or  in  mixture  with  some  legume, 
such  as  peas,  vetch,  or  crimson  clover,  or  millets, 
Sudan  grass,  and  coarse  forages,  such  as  com  or 
sorghum,  seeded  thickly. 


Contribution  from  the  Bureau  of  Plant  Industry 

WM.  A.  TAYLOR.  Chief 
Washington,  D.  C.  November,  1920 
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THE  AREA  of  tame-hay  plants  grown  in  1909  in  the  region 
covered  by  this  bulletin  (fig.  1)  aggregated  39,174,918  acres, 
according  to  the 
Bureau  of  the  Cen- 
sus. The  total  yield 
that  year  was 
50,594,171  t^ns.  This 
area  represents  more 
than  83  per  cent  of 
the  tame-hay  acreage 
9f  the  United 
States.  Timothy 
done  or  clover  alone 
[mainly  red  and 
ilsike  clovers)  and 
imothy  and  clover 
nixed  constituted 
Qore  than  88  per 
«nt  of  the  acreage 
>f  tame  hay  in  this 
lortheastem  portion 
t  the  country.  The 
ultural  methods  for 
imothy  and  clover 
re  so  well  understood  that  they  do  not  require  the  attention 
n  this  bulletin  which  their  imt)ortance  would  seem  to  warrant.^ 
Tiese   plants  undoubtedly  will  continue  to  hold  for  many  years 

'  For  additional  information  in  regard  to  the  culture  of  timothy,  see  Farmers*  Bulletin 
90,  entiUed  "Timothy." 

768O---20  8 


Fig.  1. — Outline  map  of  the  eastern  United  States,  show- 
ing the  region  to  which  this  bulletin  applies. 
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to  come  the  popularity  they  now  possess.  While  timothy  and 
clover  are  the  most  profitable  hay  plants  for  most  of  this  region, 
there  are  a  number  of  other  plants  which,  though  not  so  weU  known, 
are  more  desirable  for  particular  purposes  or  for  certain  conditions 
of  soil  and  climate.  These  are  referred  to  in  this  bulletin  in  the  dis- 
cussions of  combinations  of  hay  plants  for  special  purposes.  Hay 
plants  may  be  classified  as  annual,  biennial,  and  perennial,  according 
to  whether  they  live  one,  two,  or  more  than  two  years.  Millet,  sweet 
clover,  and  timothy  are  examples,  respectively,  of  these  three  classes. 

PERMANENT,  ROTATION,  AND  TEMPORARY  MEADOWS. 

Meadows  may  be  considered  as  permanent,  rotation,  and  temporary, 
depending  on  the  length  of  the  period  during  which  they  are  allowed 
to  grow  before  tilling  the  land.  Permanent  meadows  are  those  that 
are  kept  in  grass  indefinitely  and  are  mowed  for  hay.  There  are  few 
such  meadows  in  the  northeastern  portion  of  the  United  States 
except  those  on  bottom  lands  and  in  localities  where  the  production 
of  other  crops  has  become  economically  unprofitable.  Lands  that 
are  occasionally  subject  to  overflow  often  make  splendid  permanent 
meadows.  In  most  cases,  however,  it  is  more  profitable  to  plow  the 
land  every  two  or  three  years  and  reseed.  Most  hay  plants  make 
their  maximum  yields  the  first  and  second  years  after  seeding.  After 
that  they  tend  to  deteriorate  and  the  yields  are  diminished.  Alfalfa, 
orchard  grass,  redtop,  meadow  fescue,  and  alsike  clover  are  some  of 
the  best  plants  for  permanent  meadows. 

Rota4;ion  meadows  are  those  that  are  seeded  in  regular  crop  rota- 
tions and  are  usually  left  for  two  or  three  years.  The  common  rota- 
tions, such  as  the  well-known  4-year  rotation  of  com,  wheat,  and 
two  years  of  hay  and  the  equally  well-known  5-year  rotation  of 
corn,  oats,  wheat,  and  two  years  of  hay,  are  applicable  to  this  entire 
region.  The  greater  part  of  the  market  hay  is  produced  by  farmers 
practicing  these  rotations.  Timothy,  red  clover,  perennial  rye-grass, 
and  orchard  grass  are  suitable  for  rotation  meadows. 

Temporary  meadows  are  those  used  for  hay  but  one  year.  They 
are  seeded  to  some  quick-growing  crop.  Millet,  red  clover,  Sudan 
grass,  Italian  rye-grass,  and  the  cereals  make  good  temporary  hay 
plants. 

PLANT  MIXTURES  FOR  MEADOWS  ON  FERTILE  WELL- 
DRAINED  SOILS. 

There  is  little  difference  of  opinion  as  to  the  plants  to  be  seeded 
on  rich  well-drained  land.  Timothy  is  seeded  alone  when  the  haj 
is  to  be  sold  on  the  market,  and  timothy  and  clover,  often  mixed  with 
redtop,  where  part  or  all  of  the  hay  is  utilized  on  the  farm.  The  lonf 
period  during  which  these  two  plants — ^timothy  and  red  clover— have 
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held  their  popularity  as  hay  plants  in  this  region  precludes  the  like- 
lihood of  their  being  superseded  in  the  near  future  by  any  others. 
Some  of  the  reasons  for  the  popularity  of  these  plants  may  be  stated 
briefly:  They  have  good  seed  habits,  especially  so  in  the  cases  of 
timothy  and  redtop,  and  the  seed  is  obtainable  in  large  quantities; 
red  clover  is  a  deep-rooted  legume  and  has  a  beneficial  effect  on  suc- 
ceeding crops;  timothy  is  considered  by  feeders  the  best  hay  for 
horses;  and  clover  or  clover  and  timothy  mixed  are  excellent  for 
cattle  and  sheep.  They  make  heavy  yields  of  hay.  The  compara- 
tively long  period  during  which  these  plants  may  be  left  standing 
without  serious  deterioration  before  cutting,  together  with  the  fact 
that  the  time  of  maturity  of  these  plants  interferes  little  with  the 
harvesting  of  the  cereals  and  other  farm  work,  have  much  to  do  with 
their  popularity.  The  most  serious  objection  to  their  culture  is  due 
to  the  differences  in  the  time  of  their  maturity.  Red  clover  is  ready 
to  cut  about  two  weeks  before  timothy  is  mature.  Mammoth  clover,  a 
variety  of  the  common  red  clover,  is  somewhat  later  in  maturing  and 
is  often  used  in  place  of  red  clover  in  mixture  with  timothy.  In 
practice,  the  difference  in  the  time  of  maturity  is  not  such  a  serious 
fault  as  it  might  seem.  Red  clover  greatly  predominates  the  first 
year  after  seeding  and  should  be  cut  when  in  full  bloom.  By  the  sec- 
ond year  much  of  the  clover  has  died  out  and  the  timothy  may  be 
allowed  to  reach  the  proper  stage  before  cutting.  Whether  it  is  best 
to  use  redtop  in  this  mixture  depends  mainly  on  the  purpose  for 
which  the  hay  is  grown.  Hay  buyers  will  usually  discriminate 
against  timothy  hay  that  has  an  admixture  of  redtop.  Although 
redtop  is  not  so  palatable  as  timothy,  there  is  not  the  difference  in  the 
feeding  values  of  these  two  grasses  that  their  market  prices  would  in- 
dicate. If  the  hay  is  to  be  consumed  on  the  farm  it  is  probably  ad- 
visable to  include  a  small  proportion  of  redtop  when  seeding.  The 
addition  of  redtop  will  add  somewhat  to  the  total  hay  produced  and 
will  not  crowd  out  the  other  plants  to  any  great  extent. 

Owing  to  the  increasing  difficulties  of  getting  stands  of  red  clover 
in  the  older  farming  sections  many  farmers  are  using  mixtures  of 
alsike  and  red  clovers  instead  of  red  clover  alone  in  the  above  mixture. 
This  practice  gives  an  added  insurance  against  the  failure  of  the  stand 
and  is  to  be  reconunended  wherever  success  with  red  clover  is  imcer- 
tain.  It  must  be  borne  in  mind,  however,  that  the  growth  of  alsike 
clover  on  dry  uplands  is  small. 

MIXTURES  FOR  POORLY  DRAINED  FERTILE  LANDS. 

It  is  impossible  to  succeed  with  any  of  the  common  tame  grasses 
on  lands  which  are  water-logged.  An  occasional  overflow  does  little 
damage  to  the  stand  of  grass  unless  water  remains  for  several  days  or 
there  is  a  large  deposit  of  mud  from  the  water. 
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There  are  three  good  wet-land  plants  besides  tunothy  which  will 
tolerate  considerable  moisture. 

The  best  grass  for  such  conditions  is  redtop.  If  the  land  is  too  wet 
for  redtop  there  is  little  use  of  seeding  anything.  Reed  canary  grass 
{Phalaris  arundinacea)  and  wild  rice  {Zizama  aquatica)  might  be 
used,  but  the  seed  of  both  is  expensive.  The  legume  which  will  do 
best  on  moist  lands  is  alsike  clover.  This  makes  a  good  growth  and 
is  in  every  way  as  desirable  for  the  conditions  under  which  it  thrives 
as  red  clover  is  for  well-drained  soils.  Meadow  fescue  is  another  grass 
which  does  well  on  moist  lands.  All  the  other  tame  grasses  succeed 
much  better  on  well-drained  soils. 

The  following  mixture  is  suitable  for  moist  meadows,  the  quanti- 
ties specified  being  the  rate  to  seed  per  acre :  Redtop,  8  pounds ;  alsike 
clover,  6  poimds;  meadow  fescue,  14  poimds.  In  case  the  lands  are 
not  very  wet  10  poimds  of  timothy  may  be  substituted  for  the  meadow 
fescue.  It  is  customary  with  lands  of  this  character  to  keep  the  fields 
permanently  in  grass,  and  in  that  case  it  will  be  desirable  to  use  both 
the  meadow  fescue  and  timothy  at  the  rate  of  10  and  6  pounds,  re- 
spectively. 

MIXTURE  FOR  THE  SOUTHERN  BORDER  OF  THE 
TIMOTHY  BELT. 

There  are  many  soils  along  the  southern  border  of  the  area  under 
discussion  which  will  give  a  larger  hay  crop  if  seeded  to  orchard 
grass,  tall  oat-grass,  and  alsike  clover  than  if  seeded  to  the  timothy, 
redtop,  and  red-clover  mixture.  These  soils  are  usually  poor  in 
organic  matter  and  are  inclined  to  be  "  sour."  Orchard  grass,  tall  oat- 
grass,  and  alsike  clover  all  mature  at  about  the  same  time  and  nearly 
two  weeks  earlier  than  timothy.  This  mixture  must  be  cut  when  the 
plants  first  head  out  or  it  will  make  a  tough,  less  palatable  hay.  This 
is  especially  true  of  orchard  grass.  If  cut  early  the  hay  will  be 
relished  by  all  classes  of  live  stock.  Conunon  red  clover  may  be  sub- 
stituted for  alsike  clover  on  good  uplands,  but  a  mixture  of  the  two 
is  more  likely  to  give  a  stand  than  either  alone  under  such  conditions. 
For  general  use  the  Arlington  mixture  is  reconmiended :  Orchard 
grass,  14  pounds;  tall  oat-grass,  12  pounds;  alsike  clover,  6  poimds 
per  acre. 

POOR-LAND  HAY  PLANTS. 

Raising  hay  on  poor  land  is  not  satisfactory.  It  is,  however,  some- 
times necessary  to  make  the  attempt.  The  orchard  grass,  tall  oat- 
grass,  and  alsike  mixture  is  perhaps  the  best  for  poor  clay  lands.  In 
some  places  in  the  Middle  West  sweet  clover  is  giving  good  results 
under  unpromising  soil  conditions.  There  are  no  perennial  hay  plants 
that  will  produce  well  on  poor  sandy  soils.    Tall  oat-grass  and  redtop 
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will  usually  catch,  but  will  scarcely  produce  a  hay  crop.  Some  tem- 
porary crop,  such  as  rye  or  oats  and  peas,  should  be  used  imder  such 
conditions.  Early  sorghums  and  cowpeas  are  often  used  along  the 
Atlantic  coast  and  will  make  a  very  good  hay  for  home  use.  They 
are,  however,  difficult  to  cure.  No  one  should  make  a  practice  of 
growing  hay  for  market  on  poor  land. 

TEMPORARY  HAY  PLANTS. 

There  are  a  number  of  quick-growing  plants  which  make  hay  of 
fair  quality.  An^ong  these  plants  are  all  of  the  small  grains.  When 
the  price  of  grain  is  low  enough  to  justify  the  practice,  oats,  wheat, 
barley,  and  rye  may  be  made  into  hay.  Rye  should  be  cut  when  it 
first  heads  or  it  may  become  too  tough  for  stock  to  relish.  A  delay 
of  a  few  days  makes  a  marked  difference  in  this  respect.  The  other 
cereals  may  be  allowed  to  stand  a  little  longer,  but  they  should  be 
cut  by  the  time  the  seed  is  in  the  milk  stage. 

In  the  Northern  States  a  combination  of  oats  and  Canada  field 
peas  makes  a  very  good  hay  crop.  It  should  be  seeded  as  soon  as  the 
soil  can  be  worked  in  the  spring.  Varying  mixtures  of  these  two 
plants  are  used.  A  common  one  is  made  up  of  1^  bushels  of  oats  and  1 
bushel  of  peas  to  the  acre.  The  two  kinds  of  seed  may  be  mixed 
together  and  seeded  with  a  grain  drill.  A  more  evenly  mixed  stand, 
however,  will  be  obtained  if  they  are  seeded  separately.  Some  broad- 
cast the  peas  before  plowing  and  turn  them  imder  with  a  turning 
plow.  The  oats  are  then  seeded  in  the  usual  manner.  Where  this 
method  is  practiced,  the  plowing  should  be  not  more  than  5  or  6  inches 
deep.  Some  put  the  peas  in  first,  rimning  the  drill  so  as  to  put  the 
seed  at  least  4  inches  below  the  surface,  and  then  broadcast  the  oats 
about  a  week  later  and  harrow  them  in.  Heavy  rains  after  seeding 
the  peas  may  prevent  the  successful  operation  of  this  method. 

Millet  is  often  used  for  a  temporary  hay  crop.  The  fact  that  it 
may  be  seeded  after  a  failure  of  corn  or  some  other  spring-seeded 
crop  or  after  it  is  certain  that  the  regular  hay  crop  will  be  short  makes 
millet  of  great  value.  The  common  or  Hungarian  variety  should  be 
used  in  the  northern  part  of  the  timothy  belt  and  the  German  in  the 
southern.  Japan  millet  does  well  in  New  England.  Millet  may  be 
seeded  at  any  time  after  com  planting  up  to  July.  The  last  seeding 
should  allow  at  least  60  to  70  days  before  it  is  time  for  a.  killing 
frost.  The  rate  of  seeding  for  millet  in  this  region  is  usually  from 
25  to  30  pounds  to  the  acre. 

A  combination  of  plants  which  has  given  excellent  results  in 
eastern  Maryland  and  Virginia  is  winter  oats,  hairy  vetch,  and  the 
white-blooming  variety  of  crimson  clover.  This  white-blooming 
variety  is  about  two  weeks  later  in  maturing  than  the  common  crim- 


Digiti 


zed  by  Google 


8  Farmers*  Bulletin  1170. 

son  clover  and  fits  in  better  in  this  mixture.  The  vetch  should  be 
inoculated  if  the  land  has  not  grown  vetch  previously.  A  good  mix- 
ture of  these  seeds  will  be — 

Per  acre. 

Oats _: 1  bushel 

Hairy  vetch 30  pounds. 

White-blooming  crimson  clover 10  pounds. 

Sudan  grass  alone  or  in  combination  with  an  early  variety  of 
cowpeas  or  soy  beans  makes  an  excellent  temporary  hay  mixture  for 
the  country  south  of  Pennsylvania. 

TIME  AND  METHOD  OF  SEEDING. 

The  customary  method  of  seeding  grasses  and  clover  with  a  small 
grain  has  some  advantages  and  also  some  disadvantages.  The  main 
thing  in  favor  of  the  practice  is  its  cheapness,  one  preparation  of 
the  seed  bed  answering  for  seeding  both  the  grass  and  the  grain.  The 
disadvantages  are  the  uncertainty  of  getting  a  stand,  the  liability  of 
^winterkilling  if  seeded  late  in  the  fall,  and  the  great  abimdance  of 
weeds  which  become  established  in  the  meadow. 

The  usual  method  is  to  seed  such  grasses  as  timothy,  orchard  grass, 
or  redtop  with  wheat  or  rye  in  the  fall  and  then  to  sow  clover  on 
the  field  late  in  the  winter  or  early  in  the  spring.  G)nsiderable 
grass  and  clover  is  seeded  with  oats  or  barley  in  the  spring.  There 
are  several  serious  faults  in  these  methods.  The  best  time  for  seed- 
ing wheat  or  rye  in  the  fall  is  too  late  for  safe  grass  seeding.  The 
young  grass  plants  do  not  grow  as  rapidly  as  the  grain  and  often 
do  not  get  sufficiently  rooted  to  survive  the  winter.  Many  soils  run 
together  and  become  so  hard  on  the  surface  that  clover  seeded  in 
the  spring  has  no  opportunity  to  become  established.  This  is  ob- 
viated to  some  extent  by  harrowing  the  grain  with  a  spike-tooth 
harrow  just  before  seeding  the  clover.  It  is  impossible  to  estimate 
the  quantity  of  clover  seed  wasted  every  year  by  seeding  on  hard- 
packed  soils,  but  it  is  safe  to  say  that  it  is  a  large  percentage  of  the 
total  sown. 

The  stand  of  grass  is  lessened  by  the  space  occupied  by  the  grain. 
Sometimes  a  good  stand  of  grass  results  from  seedr  j,"  with  grain, 
but  it  is  seldom  that  the  perfection  of  stand  for  '  .lich  one  should 
strive  is  obtained.  The  term  "  nurse  crop,"  which  u  often  applied  to 
a  grain  crop  when  it  has  grass  seeded  with  it,  is  a  misnomer.  The 
grain  does  not  act  as  a  nurse  for  the  grass  in  any  sense  of  the  word 
There  is  the  sharpest  kind  of  competition  among  the  plants  for  food, 
moisture,  and  sunlight.  This  may  be  better  appreciated  when  the 
fact  is  taken  into  consideration  that  the  grass  if  seeded  alone  in  the 
fall  would  be  ready  to  cut  for  hay  by  the  time  wheat  is  ripe,  but  it 
requires  another  year  to  produce  a  crop  when  seeded  with  the  grain. 
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On  some  of  the  best  grass  soils  of  the  corn  belt  timothy  seeded  in  the 
fall  with  wheat  makes  sufficient  growth  to  become  detrimental  to  the 
yield  of  grain.  Some  farmers  attempt  to  avoid  this  injury  by  sowing 
only  a  portion  of  the  timothy  seed  in  the  fall  and  the  remainder  with 
the  clover  in  the  spring. 

Many  stands  of  grass  are  injured  and  sometimes  destroyed  in  the 
two  or  three  weeks  following  the  harvesting  of  the  grain.  The  young 
tender  grass  plants  which  have  developed  in  the  shade  of  the  grain 
are  exposed  to  the  sun  at  the  hottest  time  of  the  year.  Summer  weeds 
also  have  the  opportunity  to  smother  out  some  of  the  grass,  as  they 
make  their  best  growth  during  the  hot  weather. 

SEEDING  WITHOUT  A  GRAIN  CROP. 

It  may  be  said  for  seeding  alone  in  late  summer  or  early  fall  that 
it  nearly  always  results  in  a  better  stand,  the  crop  of  hay  is  obtained 
as  soon  as  if  it  had  been  seeded  in  a  grain  crop  10  months  before, 
the  grass  is  much  freer  from  weeds,  and  usually  there  is  a  higher 
yield. 

Spring  seedings  do  not  usually  give  as  satisfactory  results  as  those 
of  late  summer.  This  is  largely  due  to  the  encroachment  of  weeds. 
Spring  seedings  of  grass  also  involve  a  loss  of  the  use  of  a  field  for  an 
entire  season.  It  is  possible  to  harvest  a  crop  of  grain,  then  seed  to 
grass,  and  get  the  hay  crop  as  soon  as  it  would  have  been  obtained  by 
seeding  in  the  spring.  Few  of  the  hay  glasses  except  the  millets  and 
Sudan  grass  will  produce  a, crop  of  hay  the  same  season  they  are 
sown.  The  rye-grasses  are  among  the  most  rapid  growers  of  the  hay 
plants,  but  these  will  rarely  produce  a  good  crop  the  first  season  if 
seeded  in  the  spring. 

PREPARATION  OF  THE  SEED  BED. 

In  order  to  avoid  losing  the  use  of  the  land  for  an  entire  season  and 
to  allow  for  late-summer  or  early-fall  seeding,  the  grass  usually  fol- 
lows some  small  grain.  The  seed  bed  should  be  prepared  as  soon  as 
possible  after  the  grain  is  harvested.  This  preparation  is  best  done 
with  a  disk  harrow.  Plowing  deeply  during  that  period  is  not  de- 
sirable. There  is  not  sufficient  time  before  seeding  to  get  the  stirred 
soil  compacted  and  united  with  the  subsoil  to  allow  the  rise  of  mois- 
ture from  below.  A  3-inch  mellow  seed  bed  with  firm  soil  beneath  will 
give  better  results  for  simmier  seeding  than  one  that  is  deeper.  If 
the  soil  is  so  hard  that  it  is  impossible  to  cut  it  up  with  a  disk  harrow, 
it  may  be  plowed  shallow  with  a  turning  plow.  A  method  used  at  the 
.Tennessee  Agricultural  Experiment  Station  is  to  break  the  surface 
with  a  subsoil  plow,  making  the  plow  furrows  2  J  to  3  feet  apart.  This 
loosens  the  soil  sufficiently  to  allow  a  disk  harrow  to  work  effectively. 
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Most  grass  seeds  are  very  small  and  must  have  a  fine,  mellow  soil  in 
order  that  the  seedlings  may  become  established. 

RATE  OF  SEEDING. 

Eich  land  with  a  well-prepared  seed  bed  does  not  require  as  much 
grass  seed  as  thin  land  or  land  poorly  fitted  for  seeding.  From  5  to 
10  pounds  of  grass  seed  to  the  acre  evenly  distributed  would  give 
an  abundance  of  plants  if  every  seed  produced  a  plant.  In  practice, 
however,  some  of  the  seed  fails  to  grow.  This  may  be  due  to  poor 
germination  or  faulty  covering  of  the  seeds,  some  being  left  on  the 
surface  and  others  buried  too  deeply.  Most  farmers  use  too  little 
grass  seed  for  the  best  results.  From  20  to  30  pounds  of  seed  per  acre 
are  generally  sufficient,  and  this  rate  is  usually  more  profitable  than 
lighter  seedings  of  mixtures.  The  size  of  the  seed  makes  considerable 
difference  as  to  the  rate  to  use.  Small-seeded  grasses,  such  as  redtop 
and  timothy,  do  not  require  so  heavy  a  seeding  as  orchard  grass  or 
rye-grass.  Usually  10  pounds  of  timothy  or  6  pounds  of  redtop  are 
sufficient  where  these  are  seeded  alone. 

FERTILIZERS. 

Hay  crops  respond  very  quickly  to  proper  fertilization.  There 
has  been  a  decided  change  in  the  opinion  of  farmers  and  investi- 
gators in  late  years  as  to  the  crop  in  a  rotation  which  should  be 
fertilized.  Formerly  the  grain  crop  received  the  fertilizer,  and  the 
residues  left  in  the  soil  were  supposed  to  be  sufficient  for  the  grass 
crop.  Experimental  evidence  indicates  that  com  following  a  grass 
crop  which  has  been  fertilized  will  yield  as  well  as,  if  not  better,  than 
when  the  same  quantities  of  fertilizers  are  applied  directly  to  the 
corn.  Even  highly  soluble  quick-acting  fertilizers,  like  nitrate  of 
soda,  applied  to  a  grass  crop  will  sometimes  show  beneficial- effects 
on  succeeding  crops  for  two  or  three  years.  These  results  may  be 
explained  by  the  greater  accmnulation  of  organic  matter  in  the  soil, 
due  to  the  fertilization.  It  is  a  well-known  fact  that  grass  plants, 
with  their  enormous  fibrous  root  systems,  are  highly  efficient  in  main- 
taining the  supply  of  vegetable  matter  in  the  soil. 

FERTILIZERS  RECOMMENDED. 

Top-dressings  of  stable  manure  will  increase  the  yield  of  hay. 
There  is  probably  no  better  crop  than  grass  on  which  to  apply  the 
manure.  The  usual  method  is  to  scatter  the  manure  during  the  fall 
and  winter  after  one. crop  of  hay  has  been  cut  from  a  field.  There 
are  several  good  reasons  for  this  practice.  The  danger  of  injury  to 
the  texture  of  the  soil  from  driving  on  the  field  is  lessened.  There 
is  less  danger  from  introducing  weeds,  carried  by  seeds  in  the  manure. 
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to  an  old  seeding  than  to  a  new  one.  The  grass  plants  have  become 
better  established  at  the  end  of  one  season's  growth  and  will  make 
their  maximum  yield  the  second  year  if  the  soil  is  enriched. 

Some  commercial  fertilizers  will  usually  return  a  good  profit  when 
applied  to  the  hay  crop,  but  they  should  be  used  with  some  caution. 
It  is  a  waste  of  money  to  apply  nitrogenous  fertilizers,  such  as  nitrate 
of  soda,  sulphate  of  ammonia,  dried  blood,  or  cottonseed  meal,  to  a 
clover  crop  or  to  a  hay  crop  containing  a  high  percentage  of  clover. 
These  fertilizers,  however,  applied  as  a  top-dressing  in  the  spring, 
when  growth  first  starts,  to  the  second  season's  crop,  when  most  of 
the  clover  has  died  out,  will  usually  pay.  At  the  Virginia  Agricul- 
tural Experiment  Station  nitrate  of  soda  returned  a  profit  from  its 
use  when  applied  as  heavily  as  250  pounds  per  acre  to  a  timothy- 
redtop-clover  meadow  from  which  hay  had  been  cut  one  year.  These 
fertilizers  do  not  give  equally  good  results  when  the  meadow  is  2  or  3 
years  old,  probably  because  of  the  poorer  stand  and  weakened  vitality 
of  the  plants. 

It  is  usually  considered  more  profitable  to  apply  phosphatic  ferti- 
lizers to  the  crops  preceding  the  hay  than  directly  to  the  latter.  In 
the  customary  rotation  of  com,  wheat,  and  hay  the  phosphates  will 
give  the  best  results  when  applied  to  the  wheat  crop.  The  effects  of 
phosphorus  continue  for  several  years  and  benefit  the  hay  crop  as 
well  as  the  wheat.  There  are  such  wide  differences  in  the  results 
obtained  by  different  experimenters  from  the  use  of  fertilizers  that 
each  farmer  should  consult  his  State  experiment  station  before  in- 
vesting in  these  materials; 

USE  OF  LIME. 

A  great  deal  of  grass  and  clover  seed  is  wasted  every  year  from 
seeding  on  "  sour "  soils  grasses  and  clovers,  which  will  not  thrive 
under  such  conditions.  A  large  proportion  of  the  lands  in  the  older 
farmed  sections  have  become  poor  in  organic  matter  and  have  de- 
veloped a  condition  commonly  spoken  of  as  "  acid."  The  exact  chemi- 
cal nature  of  this  condition  is  not  so  well  understood  as  is  the  remedy. 
Lime  has  been  found  to  correct  this  condition,  so  that  many  crops, 
like  red  clover  and  alfalfa,  will  grow  after  liming  where  they  would 
not  grow  previously.  The  use  of  lime  as  a  soil  amendment  has  been 
practiced  by  farmers  for  several  centuries.  More  than  a  hundred 
years  ago  it  was  known  to  benefit  certain  crops.  In  many  farming 
communities  in  England  and  in  some  in  this  country  it  has  been  cus- 
tomary to  lime  the  land  regularly  every  six  or  seven  years. 

Lack  of  lime  or  an  "  acid  "  condition  of  the  soil  is  not  adverse  to 
all  plants.  Redtop,  Bhode  Island  bent,  the  fescues,  and  alsike  clover 
will  thrive  provided  the  soil  is  suflSciently  rich  even  when  too  "  sour  " 
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for  most  other  hay  plants.    Where  it  is  not  practicable  to  use  lime 
and  the  soil  is  "  sour  "  the  above  plants  should  be  used. 

Agricultural  lime  is  found  on  the  market  in  three  forms :  Burned 
lime,  hydrated  lime,  and  carbonate  of  lime.  The  consensus  of  opinion 
of  most  investigators  of  the  subject  is  that  it  makes  no  difference 
which  of  these  forms  is  used  provided  the  same  quantity  of  calcium, 
the  essential  element,  is  added  in  each  case.  Theoretically,  56  pounds 
of  burned  lime  is  equal  to  74  pounds  of  hydrate  of  lime  or  100  pounds 
of  carbonate  of  lime.  The  carbonate  of  lime  is  usually  the  ground 
limestone,  and  it  is  often  much  cheaper  than  the  other  forms.  When 
2  tons  of  ground  limestone  can  be  applied  for  the  same  cost  or  less 
than  it  would  take  for  1  ton  of  burned  lime,  the  former  is  preferable. 
When  burned  lime  is  used  it  should  be  applied  at  least  two  week 
before  seeding. 

Certain  plants  show  clearly  whether  or  not  lime  will  be  beneficial. 
Where  red  clover  grows  luxuriantly  it  is  an  indication  that  the  land 
is  not  "  sour  "  and  will  probably  not  give  profitable  returns  for  an 
application  of  lime.  The  quantity  of  lime  needed  depends  on  the 
degree  of  "  acidity  "  of  the  soil.  Ground  limestone  at  the  rate  of  1  or 
2  tons  to  the  acre  or  its  equivalent  in  burned  or  hydrated  lime  is  the 
usual  application. 

The  available  evidence  does  not  warrant  the  use  of  lime  as  a  top- 
dressing  on  an  established  meadow.  It  should  be  thoroughly  incor- 
porated with  the  soil  when  it  is  being  prepared  for  seeding  the  grass 
or  for  some  preceding  crop. 

COMMON  HAY  PLANTS. 

The  following  list  includes  most  of  the  important  hay  plants  for 
the  northeastern  part  of  the  United  States,  gives  in  extremely  brief 
form  their  chief  characteristics,  and  points  out  their  use.  There  are 
some  plants  which  would  be  valuable  hay  plants  if  they  were  not  so 
troublesome  as  weeds  in  cultivated  fields.  Others  possess  value  but  are 
inferior  to  the  common  better  known  species,  so  there  is  no  particular 
reason  for  growing  them. 

Timothy. — A  perennial  and  very  valuable  hay  plant,  too  well  known  to  require 
a  description. 

Red  clover. — A  biennial  tufted  plant,  sometimes  called  the  farmer's  best  friei^ 
Makes  a  heavy  growth  on  fertile  well-drained  soils.  Not  salted  to  wet  or 
"  sour "  conditions.  Benefits  succeeding  crops  and  makes  a  nutritious  hay. 
Usually  gives  a  light  second  crop  in  the  fall. 

Mammoth  or  sapling  clover. — A  large,  coarse  variety  of  red  clover.  Is  ready 
to  cut  about  two  weeks  later  than  common  red  clover  and  so  combines  well  with 
timothy.    Does  not  produce  an  aftermath. 

Alsike  clover. — A  perennial  clover  which  does  best  on  moist  soils.  Will  also 
grow  on  some  soils  which  are  too  "  sour  "  for  red  clover.  Often  used  in  mix- 
tures with  red  clover  to  insure  a  stand.    Makes  a  hay  of  good  quality. 
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Orchard  grass. — A  coarse,  tufted  perennial  grasa  Will  stand  more  shade  than 
any  other  tame-hay  grass.  Makes  good  hay  when  cut  young.  Mature  plants  are 
tough  and  unpalatable. 

Redtop. — A  creeping  perennial  which  will  thrive  under  a  great  variety  of  con- 
ditions of  soils  and  climates.  It  is  the  best  wet-land  hay  grass  and  is  sometimes 
used  as  a  sand  binder.  Makes  a  fair  quality  of  hay  when  cut  early.  Mature 
plants  are  wiry  and  undesirable.    Hay  buyers  discriminate  against  redtop. 

Alfalfa. — ^A  most  valuable  perennial  hay  plant  where  It  can  be  grown  profit- 
ably.   It  produces  three  or  four  cuttings  a  year. 

Tall  oat-grass. — ^A  tall-growing  tufted  perennial  which  possesses  considerable 
merit  for  poor  sandy  soils.  Makes  a  hay  of  good  quality.  It  is  not  a  heavy 
yielder. 

Perennial  rye-grass. — A  tufted  perennial  which  makes  a  vigorous  growth  while 
young.    Does  not  yield  sufflci^itly  to  be  of  much  value  as  a  hay  plant 

Italian  rye-grass. — A  tufted  annual  or  short-lived  perennial,  similar  to  peren- 
nial rye-grass  but  coarser  and  more  valuable  as  a  hay  plant  It  is  better 
suited  to  the  southern  part  of  the  timothy  belt  than  to  the  northern  part 

MUlet. — ^A  quick-growing  heavy-yielding  annual,  suitable  as  a  catch  crop  for 
hay.     Needs  a  rich  soil. 

Cereals. — ^All  the  small  grains  make  a  fair  quality  of  hay  if  cut  early. 

Oats  and  field  peas. — ^These  plants  in  combination  are  much  used  in  the  North- 
em  States  for  hay.  but  are  not  adapted  to  the  region  south  of  Pennsylvania 
and  Ohio. 

Sudan  grass  and  cowpeas  or  soy  beans. — All  of  these  make  a  good  annual  hay 
crop  in  the  southern  portion  of  the  timothy  region. 
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ANNUAL  FLOWERING  PLANTS  are  useful  for 
quick  though  temporary  effects  and  for  flowers 
at  a  season  of  the  year  when  blossoms  on  permanent 
plants  are  scarce. 

Such  plants  in  clumps  in  bays  or  pockets  among 
shrubs  or  between  herbaceous  perennials  make  the 
beds  and  borders  bright  with  bloom  at  a  time  when 
they  might  otherwise  be  dull  and  uninteresting. 

Their  quick  growth  makes  them  valuable  in  pro- 
viding either  foliage  or  flowers  to  fill  temporary  gaps 
in  permanent  plantings  or  to  give  a  temporary  efi'ect 
where  such  planting  does  not  exist  Several  grow  to 
a  height  of  6  feet  or  more,  others  hardly  more  than 
as  many  inches,  while  many  are  of  intermediate 
height  and  show  great  variations  in  their  habits  of 
growth  and  in  the  color  and  character  of  their 
foliage. 

Most  of  these  annual  plants  are  also  valuable  for 
supplying  cut  flowers  for  indoor  decoration.  They 
are  of  easy  culture,  profuse  in  bloom,  have  bright 
colors,  and  lend  themselves  readily  to  decorative 
arrangement. 

Some  of  them  can  be  sown  in  the  open  ground  in 
the  fall  or  in  the  early  spring  before  freezing  weather 
is  past;  others  must  be  kept  away  from  frost  at  all 
times.  Some  need  to  be*  sown  where  they  are  to 
bloom;  others  thrive  better  when  transplanted  one 
or  more  times.  There  are  also  diff'erences  in  the 
kinds  and  conditions  of  soil  moisture  and  light  in 
which  they  will  thrive  best 

Coldframes  and  hotbeds  are  helpful  in  starting 
many  of  these  plants,  and  for  some  of  them  they 
are  essential  to  success,  at  least  in  the  colder  cli- 
mates, if  living-room  windows  or  greenhouses  are 
not  available. 


Contribution  from  the  Bureau  of  plant  Industry 

WM.  A.  TAYLOR.  Chief 

WaahingUm,  D.  C.  "    February,  1921. 
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USES  OF  FLOWERING  PLANTS. 

TT[7HEN  THE  NEED  for  food,  clothing:,  and  shelter  is  reasonably 
satisfied,  every  human  being,  whether  civilized  or  savage^  be- 
gins to  surround  himself  or  herself  with  those  things  that  please  the 
eye.  In  addition  to  this,  many  people  delight  in  the  experience  of 
making  things  grow.  As  a  result  of  these  impulses  American  home 
makers  as  a  rule  try  to  beautify  the  yards  under  their  care,  often 
achieving  marvelous  results  under  trying  circumstances. 

The  most  permanent  and  satisfying  results  are  usually  those  ob- 
tained by  a  lawn  as  a  foundation,  with  trees  making  a  frame  for 
the  house  and  giving  grateful  shade,  accompanied  by  shrubs  and 
f>ermanent  flowers  to  round  off  the  comers  and  give  an  air  of 
naturalness  and  homelikeness. 

In  such  a  development  there  may  be  lacking  during  part  of  the 
season  the  brightness  contributed  by  conspicuous  flowers.  Often  this 
may  be  supplied  by  using  annual  flowering  plants  among  the  more 
permanent  material,  as  most  of  them  are  gay  with  flowers  at  a 
season  when  most  shrubs  and  perennials  are  not  in  bloom. 

When  permanent  plantings,  especially  shrubbery  beds,  are  newly 
set,  they  often  look  thin  and  ragged.  Here,  again,  interplantings  of 
annuals  (fig.  1)  may  be  helpful,  either  by  filling  the  otherwise  bare 
spaces  with  attractive  foliage  or  with  bright  flowers  or  both. 
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Again,  annual  plants  are  useful  on  rented  places  where  the  tenant 
would  seldom  go  to  the  expense  of  more  permanent  planting.  They 
are  quickly,  easily,  and  cheaply  grown,  and  their  range  of  size  and 
other  characters  makes  it  possible  to  secure  temporarily  many  of  the 
effects  produced  by  the  use  of  shrubs  (fig.  2).  These  results  may  be 
obtained  more  quickly  than  with  shrubs,  but  they  are  transient,  as 
the  first  frost  or  at  least  the  first  freeze  obliterates  all  their  effect, 
and  the  winter  appearance  is  as  bare  and  bleak  as  though  nothing  had 
been  done.  Such  temporary  planting  should  not  be  relied  upon 
when  conditions  will  at  all  warrant  the  use  of  more  permanent  ma- 


FiG.  1. — Annual  plants  used  among  sbrubs  for  a  temporary  effect. 

terial,  but  its  use  should  certainly  be  encouraged  where  planting  for 
winter  as  well  as  sunmier  effect  is  not  possible. 

The  tall-growing  full-foliage  plants,  like  tall  castor-beans,  sun- 
flowers, and  the  sorghums,  when  massed  against  buildings,  fences,  or 
in  front  of  other  obtrusive  objects  or  objectionable  views,  serve  as  at- 
tractive and  efficient  temporary  screens  (fig.  3).  Moderate-growing 
broad-leaved  plants,  such  as  the  dwarf  castor-bean,  can  be  used 
with  advantage  as  screens  for  driveways  or  walks  by  placing  a  mass 
of  the  plants  in  the  bay  of  the  walk  or  drive.  Lower  growing  plants 
when  massed  against  a  background  of  taller  growing  annuals  or 
shrubs,  either  against  buildings  or  on  boundaries,  are  more  effective 
than  when  used  in  beds  in  the  open  lawn.    The  formal  bed,  either  in 
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the  shape  of  an  oval,  circle,  or  star,  in  the  center  of  a  lawn  is 
generally  more  obtrusive  than  pleasing. 

When  annual  plants  are  desired  for  use  as  cut  flowers  the  best 
urrangement  is  to  plant  them  m  an  area  set  apart  as  a  flower  garden 
or  to  devote  a  portion  of  the  vegetable  garden  to  the  purpose  (fig.  4). 
When  grown  for  cut  blooms  only,  the  most  satisfactory  and  eco- 
nomical plan  is  to  plant  them  in  long  rows,  with  ample  space  between 
the  rovrs  and  the  individuals  in  the  rows.    Unless  the  plants  are  given 


Fig.   2. — Annual   flowers  used   instead   of   more   permanent  material   as   the   setting 

for  a  house. 

sufficient  room  for  full  development,  the  flowers  which  they  produce 
will  be  inferior  in  size  and  form.  To  secure  the  best  results  from 
plants  to  be  used  in  this  way,  rich  soil,  ample  space,  and  good  culture 
are  essential.  They  may  be  grown  with  horse  cultivation,  as  vege- 
tables are  grown. 

If  the  flower  garden  is  a  distinct  feature  of  the  place  and  its  mis- 
sion is  to  furnish  an  attractive  retreat  or  a  retreat  and  cut  flowers, 
its  general  plan  may  be  more  pretentious ;  the  straight  rows  may  give 
l)lace  to  irregular  groups  or  masses,  or  even  to  formal  beds  and  de- 
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signs,  so  long  as  these  are  not  made  the  leading  feature  in  the  general 
adornment  of  the  grounds.  In  fact,  such  a  garden  should  be  more  or 
less  inclosed  from  the  rest  of  the  grounds  by  border  plantings.  These 
need  not  be  over  3  feet  high,  or  they  may  be  of  the  tallest  growing 
kinds.  The  design  within  the  garden  may  be  either  formal  or  in- 
formal, with  beds  and  walks  of  formal  geometrical  designs  of  either 
straight  or  curved  lines,  or  both;  or  they  may  be  irregular  in  the 
extreme  with  no  set  design.  If  the  walks  and  beds  are  laid  out  in  a 
formal  fashion  the  plantings  may  be  made  in  geometrical  designs,  as 
carpet  bedding  if  desired,  or  it  may  be  strictly  irregular  or  informal 
(fig.  5).    In  the  informal  garden  only  irregular  or  informal  planting 


Fig.   3. — Annuals   used   for   a    temporary   effect   where   permanent   plants    hare  not 

been  established. 

is  appropriate.  A  piece  of  ground  irregular  in  outline  or  rough  and 
uneven  in  surface  lends  itself  more  readily  to  the  informal  garden 
than  to  the  formal.  The  paths  in  such  a  garden  can  be  irregularly 
curving  and  can  be  made  to  present  endless  opportunities  for  exhibit- 
ing plant  characteristics.  On  level  ground  with  a  regular  outline  the 
formal  garden  is  appropriate  and  often  the  simplest  to  develop.  By 
adopting  the  informal  method  of  planting,  however,  the  formal 
garden  can  be  made  to  present  anything  but  a  stiff  and  formal  effect 
If  the  garden  is  to  be  permanent,  the  walks  should  be  of  a  permanent 
and  satisfactory  material.  Turf  is  probably  the  most  generally  satis- 
factory walk  surface  as  well  as  the  most  economical.  Brick,  stepping 
stones,  and  gravel  are  also  desirable  under  some  conditions. 
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If  a  fixed  design  is  adopted,  the  soil  in  various  areas  of  the  garden 
may  be  modified  by  the  addition  of  sand,  muck,  or  clay  and  by  the 
use  of  plant  foods  to  adapt  particular  areas  to  the  needs  of  special 
plants.    Those  which  enjoy  a  dry,  sandy  soil  can  be  provided  for, 
while  those  which  thrive  best  in  a  heavy  soil  can  also  be  accommo- 
dated.   If,  on  the  other  hand,  a  less  formal  and  fixed  character  in  the 
garden  seems  desirable,  the  whole  area  may  be  annually  spaded  or 
plowed    up,    the 
walks  given  a  new 
course,  and  the  gen- 
eral     scheme    of 
planting     changed. 
Such    an    arrange- 
ment will  give  va- 
riety and  novelty  to 
the  garden  and  for 
most  purposes  will 
prove  quite  as  suc- 
cessful as  the  more 
permanent  arrange- 
ment.    During  wet 
periods,  unless  the 
soil   is  of  a  sandy 
character,  the  lack 
of    an    improved 
walk    surface    will 
prove   a   disad- 
vantage. 

Often  annual 
plants  can  be  used 
appropriately  on 
the  grounds  about  

rmKlip    Kiiilrlin  cr«3  ^''*^*   **" — '^'*""*^   flowers  bordering  a  path- In  a   vegetable 

and  in  parks.    Fre- 
quently the  design  of  such  grounds  demands  formal  plantings  (fig. 
6),  and  many  of  the  annual  plants  lend  themselves  admirably  to  such 
use. 

GENERAL  CULTURAL  SUGGESTIONS. 

PREPARATION  OF  THE  SOIL. 

Soil  for  the  growing  of  annual  plants  needs  to  be  well  supplied  with 
available  plant  food  and  should  be  reasonably  retentive  of  moisture, 
though  well  drained.  In  short,  because  the  plants  make  a  quick 
growth  they  must  be  provided  with  good  growing  conditions  in  order 
to  enable  them  to  make  that  growth.    Among  these  plants,  however, 
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there  is  a  great  difference  in  the  requirements,  some  preferring  a  light 
soil,  others  a  heavy  one;  some  needing  very  rich  soil,  others  giving 
more  and  better  flowers  on  a  comparatively  poor  one ;  some  wanting 
considerable  moisture  either  in  the  soil  or  atmosphere  or  both,  others 
succeeding  under  much  drier  conditions;  some  liking  full  sunshine 
and  hot  weather,  others  preferring  shade  or  cool  weather  or  both. 

The  best  soil  for  most  of  these  plants  is  a  light  rich  loam  well  sup- 
plied with  rotted  manure.  A  subsoil  taken  from  the  bottom  of  a 
cellar  in  excavating  for  a  house  is  not  suitable  material  upon  which 
to  depend  as  a  satisfactory  foundation  for  a  flower  bed.  Where  the 
soil  is  not  naturally  of  the  desired  character,  often  much  may  be  done 
to  modify  small  areas  to  make  them  ideal  for  the  culture  of  annuals. 


Fig.  5. — A  garden  with  a  formal  design  but  informal  plantings. 

If  the  soil  is  thin  and  poor,  a  bed  2  feet  deep  can  be  excavated  and 
filled  with  soil  specially  prepared  for  the  plants  it  is  intended  to  grow. 
More  clay  can  be  used  in  the  soil  for  plants  requiring  heavy  soil  and 
more  sand  and  leaf  mold  in  the  soil  for  plants  requiring  lighter  soils. 
An  ideal  soil  for  general  purposes  can  be  made  from  sods  of  blue- 
grass  from  a  rather  heavy  clay  loam  rotted  for  a  year,  then  mixed 
with  equal  quantities  of  rotted  manure,  leaf  mold,  and  sand.  The 
manure  and  sod  can  be  rotted  together  for  a  year,  if  just  as  con- 
venient. A  specially  prepared  soil  of  this  kind  will  probably  not 
be  benefited  much  by  another  coat  of  manure  the  second  year,  but 
after  that  it  should  have  annual  dressings.  Where  good  garden  soil 
or  other  rich  soil  of  suitable  texture  is  available,  probably  the  more 
common  practice  is  to  make  the  bed  of  suitable  depth  and  fill  it  with 
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this  soil  well  enriched  with  rotted  manure.  For  permanent  beds  a 
careful  preparation  with  good  soil  of  proper  texture  is  well  worth 
the  eflfort.  If  for  any  reason  such  thorough  preparation  is  not  con- 
sidered advisable,  as  on  a  place  that  may  not  be  used  for  more  than 
a  year  or  two  or  on  rented  property  where  the  tenure  is  regarded  as 
comparatively  temporary,  the  attempt  to  have  annual  flowers  should 
not  be  abandoned,  as  even  with  much  less  preparation  results  may 
be  obtained  that  are  well  worth  the  effort  if  the  kinds  of  flowers 
grown  are  selected  with  consideration  of  the  conditions  that  prevail. 
Rotted  manure,  hen  manure,  prepared  sheep  or  cow  manure  (ob- 
tainable from  dealers  in  agricultural  supplies),  cottonseed  meal, 
bone  meal,  or  some  similar  organic  manure,  however,  is  almost  essen- 


FiG.  6. — A  formal  planting  on  the  grounds  about  a  public  building. 

tial  to  success.  The  value  of  these  fertilizers  is  about  in  the  order 
named.  There  should  be  as  much  rotted  cow  manure,  or  even  rotted 
horse  manure,  worked  into  the  soil  as  can  be  done  reasonably.  Less 
hen  manure  should  be  used,  as  it  is  several  times  richer  than  cow  or 
horse  manure.  The  prepared  cow  and  sheep  manure  can  be  used  at 
the  rate  of  1  pound  for  3  square  feet,  and  the  cottonseed  meal  and 
bone  meal  at  the  rate  of  1  pound  for  6  square  feet.  All  these  mate- 
rials should  be  thoroughly  worked  into  the  soil.  They  will  not 
bring  satisfactory  results,  however,  unless  the  ground  is  reasonably 
good  to  start  with,  especially  as  to  texture. 

When  larger  areas  are  used  for  flowers,  as  in  a  special  garden  that 
can  be  handled  with  a  plow,  like  a  large  vegetable  garden  or  part 
of  the  vegetable  garden,  soil-improvement  crops,  like  crimson  clover 
14351*— 21 2 
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and  vetch  in  winter  or  cowpeas  in  siunmer,  may  be  used  to  enrich 
the  soil  and  thus  prepare  it  for  another  season's  crops.  It  is  possible 
sometimes  to  adapt  some  of  these  soil-improvement  crops  to  the 
smaller  areas  of  flower  beds,  although  it  is  seldom  advisable,  as  the 
limited  quantity  of  fertilizing  materials  usually  needed  can  ordi- 
narily be  provided  for  the  comparatively  small  areas  devoted  to  these 
plants  about  the  home. 

WATER. 

Neist  in  importance  to  providing  a  good  soil  supplied  with  organic 
fertilizing  material  is  a  proper  water  supply.     The  provision  of  a 
deep  soil  of  proper  texture  well  enriched  with  organic  manure  makes 
a  water-holding  reservoir  that  acts  something  like  a  sponge  in  its 
ability  to  supply  water  for  the  plants.     Such  a  soil  will  absorb  a 
large  amount  of  water  whenever  given  an  opportunity  and  will  give 
it  up  readily  to  the  plants  as  it  is  needed.    On  the  other  hand,  provi- 
sion must  be  made 
so  that  when  such  a 
'^  ^        soil  has  absorbed  all 
that  it  is  capable  of 
H^  ^     properly  holding,  the 
surplus    will    drain 
away.     If   the  sur- 
plus water  does  not 

Fig.   7.— a   bed   specially   prepared   for   plant   growth     naturally  paSS  away 
where  the  normal  drainage  Is  inadequate.  ,       .       .1  ^  •  /.   •  '1 

freely,  then  artificial 
drainage  must  be  provided.  In  poorly  drained  soils,  beds  specially 
prepared,  as  already  described,  should  be  excavated  3  feet  deep 
instead  of  2  feet,  and  in  the  bottom  a  layer  of  stone  should  be  placed, 
covered  by  inverted  sods,  which  in  turn  should  be  covered  by  2  feet 
of  soil  (fig.  7).  This  layer  of  drainage  should  be  given  some  suitable 
Outlet  to  carry  off  any  water  that  might  otherwise  collect  in  it.  This 
would  preferably  be  by  a  drainpipe  taken  to  a  sewer  or  to  some  suit- 
able outlet.  A  stone  drain  may  be  used,  but  it  is  likely  to  become 
clogged. 

In  addition  to  drainage,  another  essential  is  sufficient  water  dur- 
ing the  growing  season.  Throughout  much  of  the  United  States  the 
natural  rainfall  on  a  bed  well  prepared,  as  already  described,  woulJ 
be  sufficient  for  success  in  most  seasons.  Beds  close  to  a  house,  so 
that  much  of  the  rain  is  kept  off  by  the  building,  need  the  natural 
rainfall,  supplemented  by  occasional  waterings.  Irrigation  is  also 
necessary  in  dry  climates  and  in  moist  climates  in  unusually  dry 
seasons ;  also  on  sandy  or  other  unusually  dry  soUs.  The  amount  and 
frequency  of  watering  will  depend  both  upon  the  dryness  of  the 
atmosphere  and  of  the  soil.    A  well-prepared  retentive  soil  2  feetde^ 
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would  probably  not  require  watering  more  often  than  once  a  week, 
except  possibly  in  the  driest  parts  of  the  country,  where  the  evapora- 
tion is  excessive.  Gravelly  or  sandy  soils,  especially  if  not  well  pro- 
vided with  organic  matter,  may  require  a  thorough  watering  every 
other  day.  The  watering  should  be  done  as  infrequently  as  the  soil 
and  the  climatic  conditions  will  permit.  Only  experience  can  teach 
the  best  method.  Too  frequent  watering  is  as  bad  as  too  long  an 
interval  between  waterings.  If  watered  too  often  the  surface  soil  is 
kept  moist  and  the  root  growth  is  encouraged  near  the  surface.  A 
day's  neglect  or  unusual  drying  conditions  will  dry  the  feeding 
ground  of  the  roots  and  kill  them.  But  if  the  roots  are  required  to 
go  deeper  by  permitting  the  surface  to  become  dry  for  2  or  3  inches 
between  waterings  there  will  be  less  danger  of  unfortimate  results 
from  unusual  conditions  or  a  slight  deviation  from  the  regular  sched- 
ule of  watering. 

STARTING  THE  PLANTS. 

The  plants  considered  in  this  bulletin  are  those  that  can  be  started 
readily  from  seed  in  the  spring  and  will  give  bloom  or  satisfactory 
foliage  eflfects  the  same  season.  Nearly  all  of  these  can  be  started  in 
the  open  ground  over  at  least  a  large  part  of  the  United  States  and 
will  give  the  desired  results  before  they  are  cut  off  by  frost.  In  order 
to  get  a,  longer  season  of  effect  from  the  plants,  many  of  them  are 
usually  started  under  glass,  or  early  plantings  are  started  that  way. 
In  the  more  northern  sections  of  the  country  some  kinds  must  be 
started  in  this  way  in  order  to  have  a  season  long  enough  to  mature; 
others  so  that  they  may  become  established  before  the  coming  of  dry 
or  hot  weather,  which  would  be  injurious  to  the  young  plants,  but 
would  not  affect  established  ones. 

Seed  sowing. — All  of  the  plants  mentioned  in  this  bulletin  can  be 
propagated  from  seed.  In  some  cases,  however,  the  seeds  require 
special  care  in  order  to  insure  a  good  stand  of  plants,  and  it  is  ior 
that  reason  that  the  particular  methods  necessary  for  that  purpose 
are  described. 

A  few  of  these  plants  must  be  sown  where  they  are  to  mature,  as 
they  will  not  stand  being  moved.  Many  may  be  sown  where  they 
are  to  grow,  though  most  of  them  are  helped  by  one  or  two  trans- 
plantings.  Because  better  plants  are  obtained  by  transplanting, 
most  annuals  are  sown  in  seed  beds  and  moved  to  their  permanent 
places.  Such  seed  beds  should  be  in  well-prepared  mellow  soil, 
preferably  somewhat  protected  from  drying  winds.  If  the  soil  is 
not  mellow,  the  seedlings,  especially  from  the  smaller  seeds,  will  have 
trouble  breaking  through  any  crust  that  may  form,  especially  if 
moisture  conditions  are  not  exactly  right.  Protection  from  winds 
also  helps  to  maintain  uniform  moisture  conditions.     The  timely 
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use  of  a  watering  can  is  often  a  great  help  in  promoting  germination, 
but  care  should  be  taken  not  to  use  it  too  much.  Seed  beds  require 
frequent  light  waterings  rather  than  the  infrequent  drenchings  best 
suited  to  more  mature  plants. 

Seeds  may  be  sown  either  broadcast  or  in  rows.  The  inexperienced 
gardener  should  plant  seeds  in  rows,  especially  for  slow-germinating 
seeds,  as  quick-starting  weeds  may  be  more  readily  recognized  and 
removed  with  less  danger  of  disturbing  the  germinating  seeds. 
Those  starting  near  the  seed  row  may  be  removed  at  once  with  great 
care  or  may  be  left  until  the  seedlings  are  well  sprouted.  The  dates 
of  sowing  the  different  kinds  of  seeds  will  be  mentioned  under  the 
respective  headings  m  connection  with  the  discussion  of  other  spedtl 
cultural  requirements. 

Oermination. — The  germination  of  seeds  depends  upon  a  proper 
degree  of  heat,  moisture,  and  oxygen  from  the  air.  All  three  of 
these  conditions  must  be  present  to  insure  the  best  germination  of 
the  seed.  Some  seeds  germinate  best  under  a  high  temperature  (80° 
to  90''  F.),  while  others  do  best  at  a  low  temperature  (40°  to  60°  F.). 
For  most  seeds,  however,  a  soil  temperature  of  65°  to  70°  F.  with 
an  air  temperature  of  60°  F.  will,  prove  very  satisfactory  for  germi- 
nation. Strange  as  it  may  seem,  nature  maintains  conditions  during 
the  early  part  of  the  growing  season  approximating  those  above 
specified.^  But  naturally  the  high  temperatures  are  much  later  in 
the  season  than  the  low  ones.  In  order  to  obtain  the  higher  tem- 
peratures early  in  the  season  a  greenhouse,  hotbed,  coldframe,  or 
a  sunny  kitchen  window  must  be  used. 

Moisture. — Seeds  in  most  cases  grow  best  when  the  moisture  in 
the  soil  is  slight  rather  than  excessive.  A  good  test  for  moisture  is 
to  take  a  handful  of  soil  and  compact  it  gently  in  the  palm  of  the 
hand  by  closing  the  fingers.  If  when  released  the  soil  remains  solid 
and  retains  the  impressions  of  the  hand,  it  is  too  wet;  but  if  when 
released  it  springs  back  and  slowly  crumbles  or  parts,  it  is  in  ideal 
condition  for  seed  sowing.  Such  soil  is  well  aerated,  while  the  soil 
containing  an  excess  of  moisture  has  the  air  largely  replaced  by 
water. 

The  seed  bed  should  be  carefully  guarded  against  extremes  of 
moisture.  It  should  not  be  allowed  to  get  too  wet  and  remain  in 
that  condition  for  any  length  of  time ;  neither  should  it  be  allowed 
to  get  too  dry.  In  the  open  these  conditions  are  not  likely  to  occnr 
during  a  normal  season.  However,  there  are  frequent  excepticms. 
If  too  wet,  little  can  be  done  to  overcome  the  bad  results,  but  if 
drought  occurs  irrigation  will  remedy  the  evil.    Under  artificial  con- 

»  Reading  of  soil  thermometers.  (TableB.)  In  New  York  Agr.  Bxp.  Sta.,  2d-18th,  15ti»- 
17th  Ann.  Rpt,  1883-94,  1896-98.     1884-1899. 
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ditions,  such  as  are  obtained  in  a  greenhouse,  hotbed,  or  coldframe, 
the  moisture  content  of  the  soil  of  the  seed  bed  can  be  very  carefully 
controUed.  The  confined  atmosphere  of  such  a  structure  prevents 
rapid  or  excessive  evaporation,  while  any  loss  of  moisture  from  the 
soil  can  be  made  good  by  watering.  On  a  small  scale  the  same  results 
can  be  approached  by  placing  a  pane  of  glass  over  the  receptacle  in 
which  the  seeds  are  sown. 

SoU  temperature. — Slight  variations  in  the  temperature  of  the 
soil  in  which  seeds  are  sown  are  usually  a  benefit  rather  than  a  hin- 
drance to  germination.  With  the  grasses  and  clovers  and  probably 
with  practically  aU  other  plants  germination  is  more  rapid  and 
more  complete  in  seeds  subjected  to  alternations  of  temperature  than 
in  those  kept  under  constant  temperatures.  Under  normal  condi- 
tions the  warming  of  the  soil  during  the  day  and  the  cooling  at  night 
furnish  sufficiently  wide  variations.  While  these  variations  are  less 
easily  controlled  than  the  variations  in  moisture,  yet  in  structures 
such  as  hotbeds  and  coldframes  the  change  from 
day  to  night  temperature  will  be  perceptible. 

Seeds  in  order  to  germinate  promptly  must  be 
placed  under  conditions  which  will  enable  them  to 
take  up  moisture  readily,  and  at  the  same  time  they 
must  have  a  temperature  which  will  be  congenial    ^^'  87- a  float  for 

,  ,  .  mi  -1   •  firming  the  soil. 

to  the  young  plant  when  it  appears.  The  soil  is 
the  medium  by  which  heat  and  moisture,  under  normal  condi- 
tions, are  transferred  to  the  seed.  In  order  to  insure  a  quick 
exchange  of  moisture  from  the  soil  to  the  seed,  the  soil  should  be 
carefully  firmed  or  compacted  about  the  seed.  By  compacting 
the  soil  about  the  seed  the  capillary  power  of  the  soil  is  increased, 
and  as  the  seed  becomes  an  intimate  pait  of  the  soil,  the  soil 
moisture  is  thus  more  quickly  brought  to  the  seed.  In  outdoor 
op>erations  large  seeds  may  have  the  soil  compacted  about  them 
by  tramping  the  row  with  the  feet,  while  fine  seeds  may  be 
treated  by  resting  a  board  over  the  row  and  walking  upon  it  from 
end  to  end.  In  hotbeds,  greenhouses,  and  coldframes  the  compacting 
of  the  soil  is  usually  accomplished  by  the  use  of  a  float,  which  con- 
sists of  a  piece  of  board  about  6  inches  wide  and  9  or  10  inches  long, 
with  a  handle  attached,  as  shown  in  figure  8. 

For  all  conditions  save  in  the  open,  seeds  may  be  sown  in  seed  pans 
or  in  flats,  as  shown  in  figure  9.  These  boxes  can  be  very  con- 
veniently and  cheaply  made  from  the  pine  boxes  largely  used  for 
packing  canned  goods,  soap,  or  other  merchandise,  usually  9  or  10 
inches  deep,  which  is  sufficient  to  permit  cutting  them  with  a  ripsaw 
into  three  sections,  each  about  3  inches  high.  The  top  and  bottom 
of  the  box  will  each  make  a  complete  flat,  while  the  middle  section 
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wiU  be  a  frame  which  can  be  provided  with  a  bottom  by  the  destruc- 
tion of  a  box  for  three  sections;  i.  e.,  four  boxes  will  furnish  nine 
complete  flats.  Seeds  may  also  be  planted  directly  in  the  soil  of  the 
hotbed,  coldframe,  or  in  that  upon  the  greenhouse  bench  as  well  as 
in  the  garden.  Here,  too,  they  may  be  sown  broadcast,  but  it  is  pref- 
erable to  sow  in  rows. 

In  covering  seeds  the  rule  under  artificial  conditions  is  to  bury 
the  seed  to  the  depth  of  its  greatest  diameter.  In  outdoor  culture, 
however,  this  is  not  the  practice;  seeds  are  usually  covered  about 
three  to  five  times  their  diameter.  With  seeds  the  size  of  a  grain  of 
wheat  it  is  safe  generally  to  plant  them  1  inch  deep,  and  for  those 
the  size  of  beans  2  inches  deep.  Small  seeds,  the  size  of  those  of 
petunia  or  tobacco,  should  be  scattered  over  the  surface  and  the  soil 
compacted  with  a  float. 

Transplanting. — ^The  young  seedling  plants  which  are  to  be  grown 
for  their  bloom  should  be  transplanted  as  soon  as  the  first  true  leav^ 
are  formed,  so  that  they  will  stand  at  some  distance  from  one  another. 

For  small,  rather   slow   growing  plants, 

such  as  pansies,  1  inch  apart  each  way  will 

afford  ample  room;  with  most  plants  2 

inches  each  way  will  be  best;  but  with 

robust-growing  plants,  like  the  castor-beau. 

4  inches  will  not  be  too  much.    With  such 

_      ^     .   ^'  vigorous  growing  plants,  however,   it  is 

best  to  place  the  seeds  directly  in  pots  or 

cans  in  order  to  prevent  disturbing  the  roots  of  the  young  seedlings  a^ 

well  as  to  afford  them  ample  space.   If  ordinary  pots  are  not  available, 

paper  pots  may  be  obtained  cheaply  or  old  strawberry  boxes  may  be 

used.     Transplanting  has  a  tendency  to  make  the  plants   stocky 

and  provides  opportunity  for  the  development  of  an  extensive  root 

system. 

The  pleasure  derived  from  floral  decorations  depends  not  only  upon 
the  perfection  of  the  flowers  but  upon  having  a  continuous  display 
throughout  the  season.  With  most  of  the  garden  annuals  early  bloom 
can  not  be  secured  if  seed  sowing  in  the  open  must  be  relied  upon 
exclusively.  Fortunately,  the  gardener's  art  has  devised  cheap  and 
efficient  means,  as  it  were,  for  anticipating  nature.  By  the  use  of 
coldframes  at  the  South  and  hotbeds  at  the  North  the  season  can  be 
advanced  several  weeks.  In  the  latitude  of  Washington,  D.  C,  the 
time  of  sowing  seed  requiring  the  higher  temperatures  for  germina- 
tion can  be  advanced  from  May  1,  the  normal  date  of  sowing  in  the 
open,  to  March  1,  a  gain  of  two  months.  Seed  sown  in  a  gentl#  hot- 
bed at  this  date  will  give  plants  which,  if  properly  handled,  will  for- 
ward the  season  of  bloom  two  weeks. 
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HOTBEDS. 

Hotbeds  are  usually  constructed  in  one  or  the  other  of  the  following 
ways: 

Temporary  hotbeds. — A  temporary  hotbed  may  be  made  by  using 
fermenting  stable  manure  from  grain- fed  horses,  preferably  that 
with  a  small  quantity  of  straw  or  litter  in  it.  The  manure  should 
be  placed  in  a  broad,  flat  heap  and  thoroughly  compacted  by  tramp- 
ing. A  heap  8  or  9  feet  wide  and  any  multiple  of  3  feet  in  length, 
^ith  the  manure  14  to  16  inches  deep,  will  give  sufficient  heat  for  the 


Fig.  10. — ^A  frame  to  carry  the  sash  of  a  hotbed  or  coldframe. 

latitude  of  New  York  City  and  of  Kansas  City,  Mo.  Farther  north, 
the  heap  should  be  made  deeper  and  broader.  Upon  the  surface  of 
the  manure  heap  a  frame  made  like  that  shown  in  figure  10  will 
afford  ample  space  for  the  development  of  the  plants  within.  The 
backboard  of  this  frame  is  usually  12  inches  wide  and  the  front  8 
inches,  and  the  two  are  connected  by  a  tapered  board  12  inches  wide 
at  one  end,  8  inches  wide  at  the  other,  and  6  feet  in  length.    The  back 


Fio.  11. — Cross  section  of  a  temporary  hotbed. 

and  front  of  the  frame  are  made  in  multiples  of  3  feet  in  length,  with 
an  inch  added  for  each  division  space  between  sash,  which  is  pro- 
vided for  by  the  use  of  a  T-shaped  piece  let  into  the  frame  to  stiffen 
it  and  serve  as  a  guide  for  the  sash.  The  manner  of  making  the  guide 
as  well  as  its  appearance  when  in  place  is  shown  in  figure  10.  A  cross 
section  is  illustrated  by  figure  11.  If  severe  weather  is  likely  to 
occur  during  the  time  the  hotbed  is  in  use,  the  frame  should  be  banked 
with  manure  to  give  additional  heat  and  protection.  After  placing 
the  frame  upon  the  manure  heap,  about  3  inches  of  good  garden  loam 
should  be  scattered  uniformly  over  the  area  inclosed  by  the  frame. 
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Place  the  sash  in  position  immediately  and  allow  the  bed  to  heat  up. 
Do  not  plant  any  seeds  in  the  bed  imtil  the  temperature  begins  to  sub- 
side, which  will  be  in  about  three  days  after  the  sash  are  put  in  place. 
When  the  temperature  has  fallen  to  86°  or  90°  F.  planting  may  be 
safely  begun. 

Permanent  hotbeds. — ^A  permanent  hotbed  may  be  so  constructed 
as  to  be  heated  with  fermenting  manure  or  by  radiating  pipes  from 
the  dwelling  or  greenhouse  heating  plant.  For  a  permanent  bed,  in 
which  manure  is  to  supply  the  heat,  a  pit  2  to  2|  feet  in  depth,  accord- 
ing to  the  latitude  in  which  the  work  is  to  be  done,  should  be  pro- 
vided. The  sides  and  ends  may  be  supported  by  a  lining  of  planks 
held  in  place  by  posts  4  feet  apart,  or,  better  still,  a  brick  wall 
9  inches  thick,  as  shown  in  figure  12,  may  be  used.    In  either  case  the 


Fio.  12. — Cross  section  of  a  permanent  hbtbed  or  pit. 

pit  lining  should  come  flush  with  or  above  the  surface  of  the  soil 
The  site  for  the  pit  should  be  on  naturally  well-drained  land,  and  a 
tile  drain  from  the  bottom  of  the  excavation  should  be  provided  to 
prevent  water  from  accumulating  in  the  pit  and  stopping  the  fer- 
mentation of  the  manure  during  the  period  the  hotbed  is  in  use- 
Standard  hotbed  sash  are  3  by  6  feet  in  size,  and  the  interior  cross- 
pieces  for  holding  the  sash  are  1  inch  wide.  The  pit,  therefore, 
should  be  some  multiple  of  3  feet  1  inch  in  length  less  1  inch,  and  the 
width  should  be  the  same  as  the  length  of  the  sash — 6  feet.  The 
plank  frame  or  brickwork  of  the  pit  may  be  extended  above  the 
surface  of  the  ground  sufficiently  to  allow  for  placing  the  sash  inrnie- 
diately  upon  these  permanent  structures,  or  a  frame  such  as  is  de- 
scribed in  connection  with  the  construction  of  a  temporary  hotbed 
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(fig.  10)  may  be  used.  In  the  autumn  the  pit  should  be  filled  with 
leaves  or  straw  and  covered  with  loose  boards  or  shutters  to  prevent 
it  from  becoming  filled  with  snow  and  ice  in  the  North,  so  that  it 
may  be  ready  for  use  early  in  March  there,  or  in  January  or  Feb- 
ruary farther  south. 

Sash. — Hotbed  sash  should  be  constructed  of  white  pine,  cypress, 
or  redwood,  and  the  sash  bars  should  run  in  one  direction  only  and 
that  lengthwise  of  the  sash.  The  bars  may  be  braced  through  the 
middle  by  a  transverse  bar  placed  through  the  long  bars  below  the 
plane  occupied  by  the  glass.  The  two  ends  of  the  sash  should  be 
made  of  sound  timber,  3  inches  wide  at  the  top  and  4  inches  wide  at 
the  bottom  end,  mortised  to  receive  the  ends  of  the  ^sh  bars  and 
with  a  tenon  at  the  ends  to  pass  through  the  side  pieces,  which  should 
be  2^  inches  wide. 

Glazing, — Placing  the  glass  in  the  sash  is  one  of  the  most  im- 
portant operations  in  the  construction  of  a  hotbed  and  is  also  one  of 
the  factors  which  largely  determines  the  success  or  failure  of  the  bed. 
The  glass  should  be  bedded  in  putty,  i.  e.,  the  rabbet  in  the  sash  bar 
which  is  made  to  carry  the  glass  should  be  filled  with  soft  putty,  and 
the  glass,  crowning  side  up,  pressed  firmly  into  the  bed  of  putty  and 
securely  fastened  with  shoe  nails  or  wire  brads.  Glazing  points  are 
not  sufficiently  secure.  The  first  glass  to  be  placed  in  any  frame  is 
a  bottom  light,  i.  e.,  the  pane  nearest  to  the  front  or  lowest  side  of  the 
hotbed  when  the  sash  is  in  place.  The  next  light  should  be  bedded 
in  the  same  manner  as  the  first  and  so  placed  as  to  lap  about  three- 
sixteenths  of  an  inch  over  the  top  edge  of  the  one  first  placed,  like 
shingles  on  a  roof.  Brads  should  be  driven  below  the  lower  comers 
of  the  second  pane  in  order  to  prevent  it  from  slipping  down  over 
the  under  one.  The  same  method  of  procedure  should  be  continued 
until  the  frame  is  filled  with  glass. 

Size  of  glass, — ^While  a  frame  with  two  courses  of  glass  will  admit 
a  little  more  light  than  one  with  three,  the  breakage  is  somewhat 
less  with  small  glass  and  the  cost  of  repairing  correspondingly  less, 
and  for  these  reasons  the  3-course  frame  is  more  desirable.  Nowa- 
days many  hotbed  sash  are  made  with  a  groove  or  slot  into  which  the 
glass  may  be  slipped  and  fastened  at  the  bottom  by  brads  to  prevent 
them  from  slipping  out.  Grooved  sash  have  the  commendable  feature 
of  being  cheaply  and  quickly  glazed,  but  as  the  glass  can  not  be 
lapped  and  as  no  putty  is  used  the  sash  are  not  water  tight  and  do 
not  furnish  as  good  protection  from  the  wind  as  those  in  which  the 
glass  is  bedded  in  putty. 

Care  of  a  hotbed. — At  the  North,  in  addition  to  the  glazed  sash, 
board  shutters,  straw  mats,  or  mats  of  burlap  or  carpet  will  be 
needed  as  an  additional  protection  during  cold  nights.  During 
14351*— 21 3 
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bright  days,  even  when  the  temperature  outside  is  near  the  freezing 
point,  it  will  be  necessary  to  lift  the  sash  a  little  at  the  high  side 
of  the  frame  to  allow  the  hot  air  to  escape  and  prevent  injury  to 
the  young  plants. 

Watering. — ^Hotbeds  should  be  watered  in  the  morning  only,  and 
then  only  on  bright  days.  Watering  at  night  is  dangerous,  as  the 
operation  necessitates  the  lifting  of  the  sash  and  the  loss  of  the 
accmnulated  heated  air,  and  the  water  itself  lowers  the  temperature 
of  the  soil,  so  that  in  cold  weather  there  is  greatly  increased  danger 
to  the  plants  from  frost.  Then,  too,  the  excessive  moisture  re- 
sulting from  dampening  the  leaves  and  confining  them  during  the 
night  provides  congenial  conditions  for  the  development  of  mildew 
and  damping-off  fimgi. 

COLDFRAMES. 

Coldframes  are  devices  intended  to  protect  plants  from  cold,  with- 
out forcing  them  into  growth.  They  differ  from  hotbeds  in  that  no 
artificial  means  of  heating  are  employed.  The  coldframe  in  its 
simplest  form  consists  of  a  frame  constructed  like  the  one  described 
in  the  chapter  on  hotbeds  and  illustrated  in  figure  10.  When  com- 
plete, the  frame  is  placed  upon  a  sheltered,  well-drained  piece  of 
ground  convenient  to  some  main  line  of  traffic  between  the  house  and 
some  other  important  and  frequently  visited  portion  of  the  grounds. 
The  frame,  as  above  stated,  is  made  to  carry  hotbed  sash.  The  glass 
allows  the  sun  during  bright  days  to  temper  the  air  of  the  frames, 
so  that  by  properly  covering  them  at  night  with  shutters,  straw,  or 
jute  mats  the  heat  can  be  retained  and  the  plants  within  safely 
carried  through  severe  weather.  The  frames  may  be  banked  with 
earth  as  an  added  precaution  against  cold. 

Care  of  coldframes, — The  chief  precaution  which  must  be  observed 
in  the  management  of  a  coldframe  is  that  of  proper  ventilation.  The 
object  of  this  device  is  to  retain  plants  in  a  healthy  condition  with- 
out adding  to  their  growth.  It  is  therefore  very  essential  that  the 
temperature  of  the  frame  at  all  times  be  kept  at  a  degree  which  will 
not  induce  rapid  growth.  High  temperatures  and  abundant  humidity 
induce  growth.  The  management  of  the  frame  should  be  so  directed 
that  during  bright,  sunny  weather  the  sash  may  be  lifted  sufficiently 
to  admit  outside  air  in  order  to  preserve  a  low  temperature  about 
the  leaves  of  the  plants.  In  some  cases  it  will  be  found  that  during 
bright  days  even  in  midwinter  the  sash  will  have  to  be  removed 
from  the  frame  for  a  few  hours  at  midday  in  order  to  preserve  a 
sufficiently  low  temperature.  On  the  other  hand,  care  should  be 
exercised  in  ventilation  and  watering  so  as  not  to  reduce  the  Urn- 
perature  of  the  frame  late  in  the  afternoon,  as  such  trefttment  is 
liable  to  lead  to  frost  injury. 
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Plants  for  coldfraiiies. — It  stands  to  reason  that  only  the  hardiest 
plants  can  safely  be  carried  over  winter  in  a  coldframe.  Many  of 
the  plants  which  are  grown  as  annuals  will,  with  protection,  become 
perennials,  or  can  be  made  to  give  a  much  longer  period  of  bloom 
if  sown  in  the  autumn  and  carried  over  winter  in  a  coldframe. 
Among  plants  which  will  be  greatly  benefited  by  such  treatment  are 
pansies,  dianthus,  and  chrysanthemums. 

PITS. 

The  pit  is  a  more  elaborate  and  efficient  coldframe  which,  as  its 
name  indicates,  consists  of  an  excavation.  This  excavation  may  be 
from  2  to  4  feet  in  depth,  with  sides  protected  by  plank  or  brick 
walls,  as  shown  in  figure  12,  upon  which  a  frame  similar  to  the  one 
described  for  the  coldframe  is  placed  and  covered  with  sash.  The 
pit  has  an  advantage  over  the  coldframe  for  some  purposes.  It  can 
be  used,  for  instance,  to  store  some  of  the  hardier  flowering  plants 
which  are  to  be  placed  in  tubs  or  vases  about  the  lawn  during  the 
summer.  Plants  in  a  pit  are  protected  by  the  warmth  of  the  soil. 
In  latitudes  where  the  soil  does  not  freeze  to  a  depth  of  more  than  10 
to  15  inches  the  pit  will  be  found  of  greatest  use.  Seedling  plants 
may  be  held  over  winter  in  trays  or  flats  in  pits  as  safely  as  in 
frames. 

Management, — The  same  precautions  in  regard  to  ventilation, 
covering,  and  watering  must  be  observed  in  the  care  of  a  pit  as  in 
the  case  of  a  coldframe. 

THE  CULTIVATION  AND  USES  OF  ANNUAL  FLOWERING  PLANTS. 

As  already  outlined,  annual  flowering  plants  may  be  used  both  as 
backgrounds  and  foregrounds  in  planting  home  surroundings. 
Their  adaptability  for  these  various  purposes  depends  largely  upon 
their  relative  heights ;  therefore,  for  purposes  of  discussion  the  plants 
have  been  grouped  somewhat  arbitrarily  according  to  their  usual 
heights.  In  addition  to  the  common  name,  the  scientific  name  is 
given  in  a  footnote  in  order  positively  to  identify  the  plants,  as  com- 
mon names  often  differ  in  different  localities.  Then,  too,  in  many 
cases  seedsmen  list  their  seeds  under  the  scientific  names,  while  others 
use  the  conunon  ones.  There  have  been  included,  also,  the  general 
color  range  of  the  plants  and  their  adaptability  to  conditions  of  sun 
or  shade  and  relative  hardiness.  Their  relative  hardiness  or  suscepti- 
bility to  frost  is  important  as  a  guide  to  the  method  of  starting 
seedlings.  The  very  hardy  can  be  sown  before  freezing  weather  is 
past ;  that  is,  while  the  ground  still  freezes  at  night  but  thaws  during 
the  day.  They  may  often  be  sown  late  in  the  fall  for  germination 
in  the  early  spring.    The  hardy  are  those  that  can  be  sown  after 
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freezing  weather  is  past  and  will  stand  frosts.  These  correspond  to 
such  vegetables  as  beets,  radishes,  and  lettuce  and  should  be  planted 
as  soon  as  the  ground  is  dry  enough  to  work. 

Half-hardy  plants  are  those  that  can  be  sown  in  the  open  ground 
a  week  or  two  before  the  last  frost  may  be  expected  or  that  can  be 
started  under  glass  and  transplanted  to  the  open  ground  while  there 
may  still  be  danger  of  slight  frosts,  but  which  do  better  with  tem- 
peratures above  the  frost  point.  Seeds  of  such  plants  may  be  sown 
about  the  time  leaves  begin  to  appear  on  the  trees  that  put  out  their 
foliage  earliest  or  about  the  time  the  earliest  string  or  snap  beans  are 
sown. 

Tender  plants  are  those  that  are  checked  or  stunted  by  an  approach 
to  frosty  conditions  and  are  injured  by  even  the  lightest  frost. 


Fig.  13. — Outline  map  of  the  United  States,  showing  the  date  of  the  average 
occurrence  of  the  last  spring  frost. 

Many  of  them  must  be  started  under  glass,  especially  in  the  North,  in 
order  to  have  a  sufficiently  long  season  in  which  to  develop.  Most  of 
them  are  natives  of  tropical  or  subtropical  countries  and  require  a 
long  season  for  growth.  Their  seeds  should  not  be  put  in  the  open 
ground  until  all  danger  from  frost  is  past,  which  is  about  corn- 
planting  time  or  when  white-oak  leaves  are  the  size  of  squirrels'  ears. 
Tender  plants  should  not  be  taken  from  frames  and  put  into  their  per- 
manent places  until  10  days  later  than  this. 

From  the  foregoing  it  will  be  seen  that  the  time  of  planting  the 
different  flowers  will  depend  on  the  forwardness  of  the  season,  espe- 
cially as  regards  freezing  and  frost.  The  conditions  with  respect  to 
these  factors  vary  greatly,  the  map  shown  as  figure  13  giving  some 
idea  of  the  approximate  date  of  the  last  frost  at  different  points  in 
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the  United  States.  In  the  map  the  shaded  portions  are  those  in 
whidi  the  last  frost  occurs  in  March  or  in  May,  the  lines  in  them  indi- 
cating intervals  of  10  days.  The  lines  in  the  unshaded  portions  simi- 
larly indicate  10-day  intervals.  From  the  eastern  foot  of  the  Rocky 
Mountains  westward  only  the  monthly  intervals  are  attempted  to  be 
shown,  as  frost  conditions  there  are  governed  almost  entirely  by  eleva- 


Pio.    14. — Diagram   showing  good  and   bad   color   combinations.     Colors   Immediately 
adjacent  to  one  another  or  opposite  one  another  are  appropriate  for  use  together. 
Those  between  should  be  separated  by  masses  of  foliage  or  by  white  flowers.    B— 
blue^  Q^'green,  O^orange,  B— red,  V— violet,  Y— yellow. 

tion  rather  than  by  latitude,  which  makes  it  almost  impossible  to  give 
any  satisfactory  idea  within  the  limits  of  this  map. 

Most  of  the  annual  flowering  plants  are  so  vivid  in  their  colors 
and  when  planted  are  used  in  such  large  masses  that  more  care  is 
probably  required  to  avoid  bad  color  combinations  than  with  other 
classes  of  plants.  When  used  in  clumps  in  shrubbery  beds  so  that 
there  is  other  foliage  to  separate  the  colors,  there  is  much  less  danger 
of  getting  bad  combinations  than  when  large  masses  of  different 
kinds  of  annuals  are  used  in  a  garden  or  in  a  single  border.    The 
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colors  found  in  the  different  varieties  of  a  single  species  usually  will 
not  clash.  As  a  guide  in  selecting  flowers  that  may  be  safely  used 
near  one  another,  the  color  diagram  shown  as  figure  14  is  presented 
The  colors  opposite  one  another  on  the  diagram  are  safe  to  use 
together,  as  well  as  those  close  beside  one  another,  but  those  at  right 
angles  to  one  another — that  is,  the  intermediate  ones — ^are  not  safe 
to  be  used  except  by  those  who  have  made  an  extended,  careful  study 
of  color  combinations.^ 


Fig.  15. — Castor-bean. 
BACKGROUNDS  AND  SCREENS. 

Among  annual  flowering  plants  there  are  a  few  that  are  excellent 
for  backgrounds  and  screens.  Among  these  are  castor-beans,  cosmos, 
sunflowers,  sorghums,  feterita,  milo,  broom  corn,  ana  even  Indian 
corn. 

Castor-bean. — The  castor-bean,  or  castor-oil,  plant^  is  especially 
valuable  because  it  is  one  of  the  few  annuals  which  can  be  used  to 
produce  a  semitropical  effect  (fig.  15).  Its  rapid  growth,  large  si«, 
and  easy  culture  make  it  valuable  as  the  central  object  in  groups 
where  rich,  luxuriant  growth  is  required.  The  variety  of  color  in  the 
foliage  of  the  different  sorts,  ranging  from  green  to  deep  bronze,  is 
of  value  in  giving  contrast,  and  when  used  in  combination   with 

«A  suggestion  as  to  tlie  reasons  for  this  is  given  in  Farmers'  Bulletin   1087,   entitM 
'•  Beautifying  the  Farmstead." 
*  Riclnu9  communis  L. 


Digiti 


zed  by  Google 


Growing  Annual  Flowering  Plants.  23 

cannas,  caladiums,  coleus,  or  scarlet  sage  most  striking  effects  can 
be  produced.    As   a   background   for  lower   growing  plants,  the 
castor-bean  has  no  equal  among  garden  annuals.     Only  the  annual 
climbing  vines  when  provided  with  suitable  supports  equal  it  as  a 
low  screen.    It  can  be  used  with  good  effect  in  groups,  as  masses 
along   shrubbery  borders,  as  belts  for  covering  and  shutting  out 
undesirable  views,  and  singly  against  buildings  or  to  fill  gaps  in 
newly  planted  shrubbery.    This  plant  loves  a  rich  soil,  plenty  of 
moisture,  full  sunlight,  and  great  heat.     In  the  North  it  is  most 
satisfactory  when  started  in  a  gentle  heat  four  or  five  weeks  before 
the  last  frost.    A  hotbed,  greenhouse,  or  living  room  can  be  used 
for  the  purpose.    As  soon  as  the  first  true  leaves  have  formed,  the 
young  plants  should  be  pricked  out  into  small  boxes  or  pots,  or  they 
may  be  started  in  strawberry  boxes  or  in  paper  pots,  with  one  seed  to 
a  pot.     They  should  be  kept  growing  slowly  until  all  danger  of  frost 
has  passed,  when  they  may  be  transferred  to  the  open.    After  trans- 
planting the  yoimg  plants  it  is  desirable  that  they  have  sufficient 
room  to  prevent  them  from  growing  too  tall  and  consequently  from 
losing  their  lower  leaves.     They  should  be  from  3  to  6  feet  apart, 
depending  on  the  variety. 

If  planted  in  the  open  ground  about  the  date  of  the  last  f fogt,  or 
10  days  before  it  would  be  safe  to  set  plants  in  the  open,  they  will 
make  a  growth  of  4  to  6  feet  in  10  weeks.  The  varieties  range  in 
height  from  3  to  15  feet  and  have  leaves  of  corresponding  size. 

Cosmos. — Cosmos  *  is  now  one  of  the  notable  fall  flowers.  It  is  a 
vigorous  tall-gi^owing  annual,  yet  its  bright,  bold  flowers  have  a 
daintiness  and  airiness  which  is  heightened  in  effect  by  the  feathery 
green  foliage  (fig.  16).  It  is  most  effective  when  planted  in  broad 
[nasses  or  along  background  borders  against  evergreens  or  fences  at 
some  distance  from  the  house  and  the  garden  walks.  The  while, 
pink,  and  rose-colored  daisylike  flowers  are  borne  in  great  profusion 
ind  come  at  a  season  when  they  are  very  acceptable.  In  the  North, 
seed  started  in  the  house  at  the  same  time  as  castor-beans  will  give 
plants  3  or  4  feet  in  height  by  September.  Because  of  the  robust 
labit  of  the  plant,  the  young  seedlings  should  be  thinned  to  18  inches 
ipart  when  grown  on  moderately  good  soil.  Sowing  the  seed  late 
Old  in  poor  soil  will  dwarf  the  plants.  In  the  climate  of  Washing- 
ion,  D.  C,  of  St.  Louis,  Mo.,  and  farther  south  they  perpetuate  them- 
«lv^  by  self-sown  seed.  These  volimteer  plants  can  be  utilized  for 
»arly  bloom.  Cosmos  is  especially  desirable  for  the  warmer  parts 
>f  th.e  country,  where  it  grows  and  blooms  luxuriantly  with  little 
rare. 


*  Cosmos  tipinnatua  Cav. 
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In  the  North  only  the  earliest  varieties  are  likely  to  mature  soon 
enough  to  bloom.  As  the  plants  approach  maturity  it  is  well  to 
give  them  some  support,  as  they  are  liable  to  be  bent  over  by  the 
wind. 


Fig.  16. — Cosmos. 
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Sunflower. — Sunflowers"  are  tall-growing  bright-flowered  annual 
plants  that  have  not  received  the  attention  they  deserve.    They  have 


St 

cl 
Ii 

ing  large-flowered  sorts  as  well  as  Pio,  17, 

the  dwarf  many-flowered  varieties 

(fig.  17)  are  useful  when  skillfully  employed  in  mixed  plantations 

with  other  herbaceous  annuals.     The  golden  yellow  disks  are  like 

* HelianthuB  annuus  L.  and  other  npecies. 
14351'*— 21 i 
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sunbursts  among  the  shrubbery.  The  tall  habit  and  dense  foliage  of 
some  varieties  make  them  suitable  for  backgrounds  and  screens. 
Because  of  their  long  stems  and  extraordinary  lasting  qualities  they 
are  of  value  as  cut  flowers. 

Sunflowers  are  of  easy  culture.    The  seed  should  be  planted  in  the 
open  garden  in  spring  at  about  the  time  that  com  or  beans  are 

planted,  or  about  a 
week  after  the  aver- 
age last  frost,  and 
the  plants  should 
be  thinned  to  stand 
.  from  2  to  4  feet 
apart,  depending 
upon  whether  it  is 
a  dwarf  or  a  tall- 
growing  variety. 
The  height  ranges 
from  1  to  10  feet 
with  the  different 
varieties,  while  the 
habit  of  growth, 
character  of  foli- 
age, and  number  of 
flowers  vary  corre- 
spondingly. 

SorghAim^  feter- 
ita^  mUo^  broom 
com^  Indian 
corn.  ^  —  These 
plants  may  all  be 
considered  together, 
as  their  treatment 
and  use  in  land- 
scape   planting    is 

FIG.  18.-Sorghum.  gj^^jj^^      Used  with 

castor-beans  and  sunflowers  they  may  be  very  effective,  as  their  foli- 
age and  habit  of  growth  contrast  strongly  with  the  foliage  of  the 
plants  already  described.  They  may  also  be  used  effectively  in 
clumps  and  groups  of  their  own  (fig.  18)  or  in  borders.  They  need 
other  plantings  at  their  base;  otherwise  the  stems  will  be  bare  and 
unsightly.  They  can  be  used  effectively  among  thick- foliaged  shrubs 
that  have  not  yet  grown  sufficiently  to  take  all  the  ground.  They 
should  be  planted  among  plants  with  whose  foliage  they  form  a  con- 
trast and  above  which  their  plumelike  blooms,  and  in  some  cases  fruit, 
can  show  effectively. 

•  Cultivated  formH  of  Holcus  sorghum  L.  '  Zea  mayit  U 
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Varieties  vary  in  height  from  3  to  10  feet.  They  are  sun  and 
warmth  loving  plants  and  should  all  be  planted  about  did  time  Indian 
com  is  planted,  or  when  danger  from  frost  is  past.  They  are  easily 
grown  where  the  weather  is  warm. 


Fia.  19. — Basketflower. 


In  addition  to  the  annual  plants  mentioned,  cannas  and  elephant 
ears  are  vigorous-growing  plants,  valuable  for  their  foliage,  that 
are  grown  from  roots  and  tubers,  respectively.  The  first  cost  of  these 
is  much  more  than  for  seeds,  but  where  a  greater  variety  is  desired 
they  are  valuable.     By  digging  the  roots  before  freezing  weather 
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and  storing  them  in  a  cellar  where  the  temperature  is  maintained 
well  above  freezing,  they  can  be  kept  from  year  to  year. 

PLANTS  GROWING*  OB  MORS  PEBT  mGH. 

There  are  a  large  number  of  annual  plants  of  intermediate  height, 
many  of  which  are  very  striking.    Some  of  the  taller  of  these  that 

grow  3  or  more  feet 
high  are  the  basket- 
flower,  feather  cocks- 
comb, dahlia,  Jo- 
seph's-coat,  larkspur, 
love-lies-bleeding, 
heliopsis,  princeV 
feather,  sweet-sultan, 
spiderflower,  and 
summer  cypress. 

Of  the  plants 
already  described  the 
castor-bean,  sun- 
flower, and  feterita 
have  dwarf  varieties 
of  about  this  height 
Bojiketflawer, — ^The 
basketflower*  is  a 
hardy  native  thistle- 
like flower  (fig.  19). 
growing  to  a  height 
of  3  feet,  bearing 
large  rosy  lavender 
flowers.  It  should  be 
sown  in  the  open 
ground  in  early 
spring  about  as  soon 
as  the  ground  is  in 
condition  to  work.  It 
does  well  when  sown 
where  it  is  to  bloom. 

Fio.  20. — Feather  cockscomb.  ,     ,  , 

but  can  be  success- 
fully transplanted.  It  prefers  cool  weather  and  is  not  as  easy  to  grow 
as  many  other  annuals. 

Feather  cockscomb, — The   feather   cockscomb,'   sometimes   calkJ 
plumed  cockscomb,  but  more  commonly  known  as  celosia  or  celosia 

"  Centaurea  americana  Nutt.  •  Celosia  argentea  L. 
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plumosa,  is  a  plumelike  and  graceful  tender  annual  (fig.  20),  growing 
3  feet  tall,  with  showy  flowers,  either  crimson  or  yellow.  The  plumes 
may  be  cut  before  they  are  fully  ripe  and  may  be  dried  in  the  house 
for  winter  bouquets.  Seeds  may  be  sown  out  of  doors  after  danger 
from  frost  is  past  or  they  may  be  sown  earlier  under  glass.  They 
prefer  a  light  soil,  not  too  rich,  but  grow  easily  almost  anywhere. 


Fio.  21. — A  dahlia  grown  from  seed  as  an  annual. 

I?aMia. — ^The  dahlia  *®  has  many  double  and  some  single  forms  in 
-e<L5  and  yellows.  They  are  usually  grown  from  rootstocks,  but  they 
'an  be  grown  from  seed  readily  by  those  who  have  had  a  little  experi- 
ence with  plants.  The  double-flowered  varieties  must  be  sown  as  early 
ls  April  for  satisfactory  bloom  the  first  year,  while  the  single  varieties 
nay   be  sown  as  late  as  July  1.     Dahlias  (fig.  21)  must  be  grown 

"  DahUa  rosea  Cav. 
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where  frost  can  not  reach  them,  so  in  the  North  it  is  necessary  to  start 

the  double-flowered  ones  under  glass. 

As  soon  as  the  tops  are  hurt  by  frost  the  roots  should  be  dug  on  a 

warm  sunshiny  day  so  they  will  not  be  chilled,  and  then  they  should 

be  stored  in  a  warm 
cellar  with  as  much 
dirt  as  po^ible  about 
them.  A  pla<»  suit- 
able for  cannas  and 
sweet  potatoes  is 
satisfactory  for 
dahlias.  Another 
method  is  to  store 
them  in  boxes  of 
sand.  New  plants 
may  be  started  the 
next  season  from 
these  roots. 

J  oseph'*  s-coat— 
Joseph's-coat  ^^  is  an 
easily  grown  upright 
plant  reaching 
heights  of  3  or  more 
feet,  whose  attrac- 
tiveness is  due  to  the 
brilliant  red,  yellow, 
and  green  foliage- 
It  likes  warmth  and 
sunshine  and  plenty 
of  room,  with  the 
soil  not  too  rich.  It 
will  not  stand  frost, 
so  it  must  be  started 
either  late  out  of 
doors  or  imder  glas 
if  results  early  in  the 
season    are    de^red. 

Fig.    22.— Love-lies-bleeding.  ^^  ^^^  ^  Started  six 

weeks  before  danger 
of  frost  is  past  and  may  be  transplanted  once  or  twice  before  setting 
it  in  the  open  ground. 

Love-lies'hleeding. — Love-lies-bleeding^^  (fig.  22)  is  another  easily 
grown,  rather  upright  annual  with  drooping  blood-red  foliage.    It 

^^  Amarantliufi  ganfjeticus  melanchoHcvs  Vobs.  ^>  Amaranthus  caudatas   L, 
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should  be  handled  in  the  same  manner  as  Joseph's-coat  and  responds 
to  the  same  cultural  conditions. 

Heliopsis. — Heliopsis,"  sometimes  miscalled  orange  sunflower,  is  a 
hardy  perennial  with  pale  orange-colored  flowers  that  will  bloom  the 
first  year  from  seed.  It  is  easily  grown  and  will  attain  a  height  of 
3  to  4  feet.  Seeds  may  be  sown  early  out  of  doors  about  the  time  the 
last  frost  may  be  expected. 

Princess-feather. — Prince's- feather  ^*  is  an  upright  annual,  3  to  4 
feet  tall,  with  dark  red  feathery  flowers.     Its  culture  is  like  that  of 
Joseph's-coat,  al- 
ready discussed,  and 
is  adapted  to  the  use 
of  a  beginner. 

Sweet  -  sultan. — 
Sweet-sultans,"  or 
royal  sweet-sultans, 
ate  handsome  sweet- 
scented,  thistlelike, 
hardy  annuals  grow- 
ing to  a  height  of 
over  3  feet,  with  red, 
purple,  lavender,  and 
white  varieties. 
They  are  useful  both  . 
for  cutting  and  in 
borders.  They  are 
sown  early  in  the 
spring  for  the  best 

results,  so   that  they  ^'^-  23.-Splderflower. 

will  get  an  early  start  and  bloom  before  hot  weather.     They  will 

stand  some  frost. 

Spiderfiower. — The  spiderflower  "  (fig.  23)  grows  to  a  height  of 
3J  feet  and  forms  large  loose  heads  of  rose-colored  flowers  borne  well 
above  the  foliage  for  a  long  season.  The  seed  should  be  sown  in  the 
open  ground  soon  after  the  weather  is  settled,  or  two  or  three  weeks 
before  the  last  frost  may  be  expected.    The  plant  is  of  easy  culture. 

Summer  cypress. — Summer  cypress,^^  also  called  standing  cypress 
and  Mexican  flame  plant,  is  a  useful  plant  for  a  pale-green  mass 
effect  or  for  formal  effects  (fig.  24) .  Belvedere  "  is  a  similar  plant 
of  more  erect  habit.  The  foliage  is  fine  and  light  in  color,  but  very 
effective  when  used  in  masses.    When  grown  with  plenty  of  room 

^HeUopaU  helianthoidea  piteheriana  Fletcher.  ^*Cleofne  spinosa  Jacq. 

^Amaranthus  hypochondriacus  aanguinena  Hort.  ^"^  Kochia  trichophylla  Stapf. 

"  Centaurea  mo9Chata  L.  ^  Kochia  scoparia  Schrad. 
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they  form  uniform  oval  symmetrical  specimens  3  or  more  feet  high. 
For  specimen  plants  they  should  be  set  at  least  4  feet  apart;  for  a 
hedge,  i8  inches  or  2  feet  apart.  Sunmier  cypresses  do  not  thriTe 
in  shade,  the  part  that  is  shaded  failing  to  grow,  thus  making  the 
plants  one  sided.  On  the  other  hand,  their  growth  is  stimulated  by 
the  close  proximity  of  an  electric  arc  light.  As  they  approach  ma- 
turity the  whole  plant  gradually  turns  crimson,  later  becoming 
brown  and  unattractive  on  the  approach  of  frost.  The  bloom  is 
inconspicuous,  but  the  plant  seeds  freely,  and  the  second  season  the 

ground  will  be  covered 
with  seedlings,  which, 
however,  are  readily 
killed  by  hoeing. 
Seed  may  be  sown 
thinly  in  the  open 
ground  early  in  the 
spring.  Culture  is  of 
the  easiest. 

PLANTS  GROWING  ▲BOUT 
SO  INCHES  HIGH. 

Plants  that  grow 
about  30  inches  high 
are  clarkia,  corn- 
flower, larkspur, 
scabiosa,  annual  poin- 

Fio.  24.-Summer  cypress  on  the  back  of  a  bed.  ^^^.^^      ^^^^^^      ^^ 

strawflower,  and  zinnia.  Some  of  the  varieties  of  sunflowers  are  also 
as  small  as  this. 

Clarkia. — Clarkia  ^*  is  one  of  the  prettiest  of  hardy  native  annuals. 
It  comes  to  us  from  beyond  the  Rocky  Mountains.  Its  freedom  of 
blooming,  with  the  variety  and  brightness  of  its  white,  salmon,  or 
scarlet  flowers,  makes  a  bed  of  these  plants  an  attractive  sight.  They 
are  useful,  too,  for  hanging  baskets,  for  vases,  as  edging  plants,  for 
low  massing,  or  for  borders. 

The  seed  should  be  sown  outdoors  in  early  spring  and  the  plants 
should  be  grown  in  partial  shade.  The  clarkias  thrive  in  a  warm 
light  soil,  and  their  period  of  bloom  is  from  midsummer  to  late 
autumn.    The  average  height  of  the  plant  is  2  to  2^  feet 

Cornflower, — The  cornflower^®  (fig.  26)  is  also  known  as  bache- 
lor's-button, "  bluebottle,"  "  ragged-sailor,"  "  kaiserblimie,"  and 
sometimes  erroneously  as  "  ragged-robin "  and  "  bluet"  These 
bright-flowered  plants  are  of  a  hardy  nature,  requiring  simple  cul- 

>»  Clarkia  pulvhella  Pursh.,  C.  eJegans  Douglas.  *  Centaurea  cyanmn   1a. 


Digiti 


zed  by  Google 


Growing  Annual  Flowering  Planls,  33 

ture,  yet  they  are  among  the  most  attractive  and  graceful  of  all  the 
old-fashioned  flowers,  bearing  freely  blue,  white,  or  rose-colored 
blossoms.  When  placed  in  water  after  cutting,  the  flowers  increase 
in  size.  The  seeds  of  these  annuals  should  be  sown  in  the  fall  or  in 
the  spring  from  the  time  the  ground  is  fit  to  work  until  the  last  of 
May  in  the  North  and  the  last  of  June  in  the  South.  They  may  be 
started  earlier  under 
crlass.  The  young 
plants  should  be 
thinned  to  4  to  6 
inches  apart.  They 
thrive  well  on  all 
moderately  rich  gar- 
den soils.  When  once 
established  they  will 
usually  reseed  them- 
selves year  after  year. 
Larkspur. — The 
larkspur'*  is  espe- 
cially valuable  be- 
cause of  its  rich  blues, 
as  blue  is  a  compara- 
tively rare  color 
among  our  cultivated 
plants.  There  are  also 
white  varieties  and  a. 
red  species.  The  tal  ler 
growing  annual  varie- 
ties reach  a  height  of 
30  inches  and  are 
valuable  for  bedding 
and  borders  as  well  as 
for  cut  flowers.  There 
are  other  varieties 
only  about  18  inches 

high  (fig.  26)  that  are  ^'o-  25.— Cornflower. 

even  better  for  bedding  purposes.  There  are  both  single  and  double 
forms  of  the  annual  larkspurs.  In  addition  to  these  there  are  many 
perennial  varieties  that  will  bloom  the  first  year  from  seed,  so  they 
can  be  used  as  annuals  with  reasonable  satisfaction.  These  vary  in 
height  from  18  inches  to  6  feet.  Larkspurs  are  easily  grown,  but  do 
best  in  a  rather  cool,  moist  soil.    The  seeds  of  the  annuals  may  be 

^  Delphinium  ajacin  L.,  D.  consolida  L. 
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sown  in  the  open  ground  either  in  late  fall  or  in  spring,  preferably 
the  former,  so  they  will  be  ready  to  germinate  early  in  the  spring. 
In  the  South  the  perennial  varieties  may  be  handled  in  the  same  way. 
As  the  seedlings  grow  they  should  be  thinned  to  stand  from  6  to  18 
inches  apart,  depending  upon  the  variety.     Among  the  annual  lark- 


FiQ.  26. — Larkspur. 


spurs  there  are  in  addition  to  the  blue  varieties  white,  buff,  rose,  pink, 
and  similar  shades.  These  may  all  be  sown  separately  or  in  mixture 
with  entirely  satisfactory  results. 

From  Norfolk  northward  the  perennial  varieties  need  to  be  startal 
under  glass  in  order  to  bloom  the  first  year  from  seed,  and  the  youn? 
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plants  can  be  transplanted  into  flats  before  they  are  an  inch  high, 
being  placed  3  to  4  inches  apart,  and  by  gradually  hardening  them 
off  they  can  be  set  in  the  open  ground  before  corn-planting  time. 
Th^«  plants  can  be  set  6  to  8  inches  apart  the  first  year,  but  need  to 
be  farther  apart  the  following  year. 

Some  species  bloom  both  early  and  late,  and  the  blooming  period 
of    all    can   be   pro- 
longed by  removing 
the   T^ithered   flower 
stems  promptly. 

Scahiosa. — S  c  a  b  i  - 
osa,^^  often  called 
mourning  bride,  pin- 
cushion flower,  and 
sweet  scabious,  is  an 
easily  grown  old- 
fashioned  half-hardy 
annual  (fig.  27)  that 
is  very  attractive  and 
satisfactory^  both  for 

cutting  and  for  bor- 
ders and  beds.    The 

flowers,  which   vary 
from   white  through 

rose,    crimson,    and 

blue  to  almost  black, 

are    borne    on    long 

stems    and    keep    a 

long   time  either  on 

the    plant    or    when 

cut.    The  seed  should 

be  sown  in  the  open 

ground  after  danger 

from    hard    frost   is  ^«-  27.— scabiosa. 

past  and  the  plants  will  bloom  in  about  12  weeks.     There  are  also 

hardy  perennial  kinds. 

^4,?inual  poinsettia,— The  annual  pomsettia^*  (fig.  28),  Mexican  fire 

plant,  or  painted-leaf,  is  a  handsome  green-leafed  plant  that  about 

naidsummer  changes  the  color  of  several  of  the  leaves  at  the  ends  of 
the  branches  to  scarlet.  As  the  plant  is  naturally  much  branched 
and  bushy,  it  makes  a  great  show.    It  attains  a  height  of  2  to  3  feet. 

Seed  should  be  sown  in  the  open  ground  when  freezing  weather  is 
past. 

^ Scahiosa  atropurpurea  L.  ^Euphorbia  heterophyUa  L. 
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Scarlet  sage. — The  scarlet  sage,^*  or  scarlet  salvia,  is  a  standard 
bedding  plant  that  keeps  the  garden  bright  with  color  until  late  in 
autumn.  This  plant  lends  itself  to  many  uses  (fig.  29)  ;  it  makes  a 
good  pot  plant,  does  well  in  window  boxes,  and  is  useful  for  catting, 
to  give  color.  Its  commonest  use,  however,  is  as  a  hedge  or  border 
plant,  giving  long  broad  bands  of  vivid  scarlet.  On  account  of  its 
very  striking  color,  caution  needs  to  be  observed  in  usino^  it  in  this 
way.     It  can  be  most  effectively  used  in  small  clumps  among  or 

against  masses  of 
green. 


past.  Or  the  seeds 
may  be  sown  out- 
doors, if  the  place  is 
protected  from  heavy 
rains  and  strong 
winds,  about  thedat^ 
of  the  last  frost,  so 
the  seed  will  not 
germinate  until  after 
all  danger  of  frost  is 
over.  The  plants 
grow  and  bloom  pro- 
fuselv   in   anv   light 

Fig.. 28. — Annual  poinsettla.  «;^u\,^:i         V>      -j 

rich  soil.  Sesides 
the  scarlet  sage,  there  are  blue  salvias,  which  are  perennials,  most 
of  them  being  hardy.  Both  the  tender  and  hardy  perennial  sorts 
bloom  the  first  year,  and  all  may  be  treated  as  iannuals. 

The  atrawflower. — The  strawflower  ^^  is  an  attractive,  easily  grown, 
hardy  annual,  bearing  double  lemon  and  yellow  flowers  an  inch  and 
a  half  across  (fig.  30) .  These  plants  are  very  effective  for  beds  and 
borders,  and  the  flowers  may  be  cut  and  dried  for  winter  bouquets. 
They  succeed  in  any  good  garden  soil,  but  respond  to  plenty  of 
fertility.  The  seed  may  be  sown  in  the  open  ground  as  soon  as  all 
danger  of  freezing  is  past.  They  do  better,  however,  if  transplanted 
once  or  twice.     They  should  have  plenty  of  room  to  develop,  n<^ 

^Salvia  eplendens  Ker.  ^ Elichrysum  hraoteatum  Andr.    (Helichrysam). 
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Pig.  29. 


*  Zinnia  elegana  Jacq. 
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been  wrought  both  in  the  color  and  form  of  the  flower.     Their 
colors  are  white,  yellow,  orange,  pink,  rose,  and  scarlet.     During 
the  month  of  August  zinnias  are  at  their  best.     To  secure  large 
flowers  and  a  profusion  of  bloom  the  plants  must  be  given  ample 
room  for  full  development  as  well  as  an  abimdant  supply  of  food 
Strong  rich  soils  suit  them.     If  the  seeds  are  sown  in  a  dwelling 
house  or  in  a  hotbed  and  the  young  plants  are  pricked  out  once  or 
twice  before  being  placed  in  their  permanent  situations  more  satis- 
factory results  will  be 
secured     than     from 
outdoor  -  sown    seeds, 
unless  equal  care  in 
thinning     or     trans- 
planting is  given.  The 
plants  can  be  used  for 
groups,  beds,  bord«s, 
garden  lines,  and  sum- 
mer   hedges.      Their 
average  height  is  24 
feet,  ranging  from  '2 
to  3  feet. 

PLANTS  GROWING  ABOUT 
24   INCHES   HIGH. 

Several  of  the  an- 
nual flowering  plants 
that  grow  about  2  feet 
high  are  very  useful 
both  for  ornamental 
planting  and  cut  flow- 
ers. Among  these  are 
baby 's-breath,  calliop- 
sis,  China  aster,  sum- 
mer chrysanthemum, 
cockscomb,  rudbeckia. 
gaillardia,  lupine. 
African  marigold,  Japanese  bellflower,  salpiglossis,  and  snapdragonf 
The  garden  balsam,  Shirley  poppy,  and  snow-on-the-mountain  are 
other  plants  of  this  height  desirable  for  ornamental  plantings  but  not 
suitable  for  cutting.  Of  the  plants  already  discussed  the  larkspur, 
scarlet  sage,  and  sunflower  have  varieties  that  are  about  this  height. 
Bahy^a-hreath. — Baby's-breath  *^  is  a  dainty  free-growing  white- 
flowered   plant   that    is   much   used   to   put   with    cut   flowers,  to 


Pig.  80. — Strawflower. 


^  Gypaophil-a  elegann  Blob,  and  0.  muraUs  L„  annuals,  and  0.   paniculata   Lk,   a  per- 
ennial. 
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Fig.  31. 
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should  be  sown  in  the  open  ground  as  soon  as  freezing  weather 

is  well  past. 

Calliopsis. — Calliopsis  *^  is  the  name  given  to  the  annual  plants  of 

the  genus  Coreopsis  that  are  used  for  ornamental  planting.    They 

have  showy,  graceful  long-stemmed  flowers  (fig.  32)  well  suited  for 

bouquets  and  yet  so 
borne  as  to  make 
very  effective  border 
or  bedding  plants. 
The  principal  color 
is  a  deep  yellow, 
which  is  combined 
In  some  vari^ies 
with  rich  maroons 
and  in  others  with 
browns.  Varietie;; 
vary  in  height  from 
9  inches  to  2  feet. 
They  are  of  the 
easiest  culture. 

Seeds  may  be  sowTi 
under  glass  or  in  th^ 
open,  but  they  should 
not  be  sown  outdoo^ 
before  the  date  of 
the  last  frost.  They 
may  be  sown  under 
glass  two  month- 
before  this.  Seedf 
sown  in  the  op«i  ii: 
May  will  usually 
give  an  abundance 
of  flowers  from  An^ 
ust  till  frost.  After 
transplan  ting  or 
their  final  thinning' 

FIG.  32._Calllop8l8.  ^j^^  pj^^^  gj^^^jj  y^ 

10  inches  apart  each  way.     The  perennial  form,  Coreops^is  grand:- 
fora,  will  bloom  the  first  year  if  the  seed  is  sown  early. 

China  aster.— The  China  aster «»  is  certainly  one  of  the  most  sad5- 
f  actory  of  the  annual  flowering  plants.  The  variety  in  its  size,  color, 
form,  and  season  of  blooming  makes  it  a  most  satisfactory  plant  for 

^CoreopsU   tinctoria    Nutt.,    C.    haaaUn   Blake    (C.    drummondH),    C.    nuecen^*  H^3«r 
(C.  coronata). 
»  CaUistemma  chinensia  Skeels  (Calliatephua  chinenais). 
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supplying  cut  flowers ;  in  fact,  many  of  the  improved  sorts  produce 
flowers  equal  in  form  and  size  to  some  of  the  better  sorts  of  chrys- 
anthemums. The  range  of  color  presented  in  this  group  is  one  of  its 
chief  merits.  Strange  as  it  may  appear,  the  plant  world  is  not  very 
well  supplied  with  blue  flowers  possessing  characters  which  render 


Fia.  38. — China  asters  in  window  boxes. 

them  suited  to  domestic  or  commercial  uses.  In  the  China  aster,  how- 
ever, are  found  many  shades  of  lavender  and  purple,  and  for  this  rea- 
son, if  for  no  other,  they  should  prove  an  attractive  decorative  plant. 
There  are  also  white,  pink,  and  rose-colored  varieties.  The  habit  of 
growth  adapts  the  China  aster  to  close  planting  for  cut  bloom,  for 
window  boxes  (fig.  33),  and  also  for  bedding.  It  should  not  be  con- 
14351**— 21 0  ^  f 

Digitized  by  VjOOQIC 


42  Farmers'  Bulletin  1171. 

fused  with  the  attractive  native  hardy  perennial  asters,  which  are 
robust  tall-growing  plants  well  adapted  fo^  use  in  an  herbaceous 
border  where  late  bloom  and  careless  effects  are  desired.  The  more 
compact-growing  large-flowered  China  asters  are  most  desirable  for 
cut  blooms,  while  the  tall-growing  open  wild  aster  ^^  is  most  useful 
in  wild  gardens  or  for  screens.  The  vigor  and  ease  of  culture  of  the 
China  aster  are  factors  which  contribute  to  its  popularity. 

Plants  from  seed  sown  in  the  open  groimd  in  May  and  supplied 
sufficient  moisture  bloom  abundantly  in  September  and  October,  when 
the  flowers  are  seen  at  their  best.  For  July  and  August  blooms  the 
seeds  should  be  sown  in  March  or  April.  When  frosts  occur  during 
this  season  the  planting  will  need  to  be  done  in  a  coldframe,  a  spent 
hotbed,  or  in  pots  or  boxes  in  a  living  room.  Cover  the  seed  about 
half  an  inch  deep  with  rich  light  soil,  and  when  the  plants  have 
three  or  four  leaves  transfer  them  to  thumb  pots  or  to  other  boxes, 
setting  the  plants  about  2  inches  apart  each  way.  After  all  danger 
of  frost  is  past  transplant  the  plants  so  treated  to  their  permanent 
home,  where  they  should  stand  about  18  inch^  apart  each  way  in 
well-prepared  beds.  Fresh  manure  or  manure  used  in  too  large  quan- 
tities sometimes  proves  injurious  to  them.  Only  thoroughly  com- 
posted manure  mixed  with  the  soil  is  safe  for  these  plants.  Small 
quantities  of  air-slaked  lime  or  of  fresh  wood  ashes  stirred  into  the 
surface  of  the  beds  are  beneficial.  When  given  plenty  of  water  and 
rich,  fine  soil  China  asters  can  be  grown  into  beautiful  pot  plants. 

In  some  localities  and  during  some  seasons  the  China  aster  is 
seriously  attacked  by  the  so-called  black  potato  beetle,  or  bli^er 
beetle,^^  an  insect  which  feeds  upon  the  partly  developed  buds,  caus- 
ing them  to  develop,  if  at  all,  into  deformed,  irregular  blossoms.  In 
such  localities  these  flowers  can  be  successfully  grown  under  screens 
of  mosquito  netting  or  other  thin  cloth. 

Chrysantheuiuvis. — The  chrysanthemums,  like  the  pinks,  comprise 
some  of  the  most  valuable  of  the  commercial  florists'  products,  both 
hardy  perennial  and  annual  flowering  plants.  The  large-flowered 
types  of  chrysanthemums,  which  each  autumn  produce  such  gorgeoa^^ 
shows  in  the  stores,  florists'  establishments,  and  conservatories,  are 
not  hardy,  and  since  they  are  treated  as  greenhouse  plants  by  the 
florists,  they  are  only  mentioned  in  this  list.  The  class  of  hardy 
chrysanthemums,  which  should  be  more  commonly  seen  in  every 
flower  garden  and  are  known  as  pompons,  are  simply  noted  to  give 
proper  relation  to  the  annual  chrysanthemiuns,  which  are  the  sub- 
ject of  this  sketch. 

Summer,  or  annual,  chrysanthemums*'  bloom  most  satisfactorily 
if  the  seeds  are  sown  early  in  a  hotbed  or  coldframe  and  the  youmr 

^  Aster  novac-angliae  L.  '^  Epicauta  pennsylvanica. 

•■  Chrysanthemum  caritwtum  Scbousb.,  C.  segetum  L.,  C.  coronarium  L. 


Digiti 


zed  by  Google 


Growing  Annual  Flowering  Plants.  43 

plants  transferred  to  the  open  as  soon  as  the  soil  has  become  suffi- 
ciently warm  to  keep  them  growing  without  check,  or  two  weeks  after 
the  usual  date  for  the  last  frost.  If  started  in  a  hotbed  the  young 
plants  should  stand  10  to  12  inches  apart  when  set  in  their  permanent 
locations.  Somewhat  less  satisfactory  results  can  be  secured  by  sow- 
ing the  seed  in  the 
open  where  the 
plants  are  to  bloom 
at  or  just  before  the 
date  of  the  last  frost. 
The  seedlings  should 
be  thinned  to  stand 
at  least  8  inches 
apart.  If  the  same 
care  in  regard  to  dis- 
budding and  pinch- 
ing back  is  taken 
with  the  annual 
plants  as  with  the 
large-flowered  peren- 
nials, the  work  will 
be  rewarded  by  the 
greatly  increased  size 
of  the  usually  white 
or  yellow  flowers. 
(Fig.  34.) 

The  hardy  chrys- 
anthemums** will 
bloom  a  little  the 
first  year  from  seed 
if  started  early,  but 
the  plants  will  not  be 
compact  and  bushy 
until  the  second  year. 
They  should  be 
started  early  in 
March,    and    where 

freezing   is    liable   to  '^^"-  ^^-S"---'^  chrysanthemum. 

occur  after  planting  they  should  be  started  under  glass  in  order  to 
give  them  time  to  mature  before  frost. 

Cockscomb. — Cockscombs'*  are  prized  and  planted  as  an  easily 
grown  odd  and  picturesque  decorative  feature  of  the  garden  (fig.  35). 
The  tall  ones  form  striking  groups,  and  when  interspersed  with  other 

•■  Chrysanthemnm  Icucanthemum  h,  **  Celofia  cristata  L. 
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lower  growing  plants  in  a  border  they  produce  a  pleasing  contrast, 
while  the  dwarf  varieties  make  novel  and  attractive  borders.  There 
are  bright  red  and  crimson  varieties.  The  young  plants  can  be  grown 
from  seeds  sown  in  gentle  heat  four  weeks  before  the  last  frost  and 
transplanted  to  the  open  ground  when  danger  of  frost  is  past,  or 
about  the  time  the  last  frost  is  expected  the  seeds  may  be  sown  in 
the  open  where  the  plants  are  to  stand.  Ti'&nsplanting  into  ridi  soil 
as  the  combs  begin  to  form  makes  the  flower  heads  much  larger. 

They  are  bright  from 
midsummer  until 
frost. 

Rudheckia. — ^The 
rudbeckias,  some- 
times called  cone- 
flowers,  are  princi- 
pally perennials,  but 
there  is  one  annual  ^ 
that  grows  about  2 
feet  high  and  bears 
handsome  yellow 
flowers  with  a  brown 
center  (fig.  36).  Not 
only  is  the  disk 
brown,  but  the  bases 
of  the  ray  flowers  as 
well.  The  seed  may 
be  sown  in  the  open 
ground  as  soon  as 
freezing  weather  is 
past,  or  for  earlier 
bloom  it  may  be  sown 
under  glass.  The 
plants  respond  to 
plenty  of  maniu^. 
B^Q.  35.-cock8comb.  ^^^  ^^ey  like  warm. 

sunny  situations,  although  they  will  grow  readily  almost  anywhere. 
The  hardy  perennial  rudbeckias  '•  may  be  treated  as  annuals.  The 
flowers  are  quite  showy  and  usually  have  yellow  rays,  though  some 
are  crimson  and  others  more  or  less  covered  with  brown  toward  the 
base.  The  rudbeckias  are  very  easy  of  cultivation,  thriving  in  almo^ 
any  soil  and  climate.  Most  of  them  prefer  a  moist  soil,  but  will  thrive 
in  the  garden  under  ordinary  cultivation. 

^Rudheckia   Mcolor  Nutt  ** RudWckia  hirta   L.,   R,   triloba   L. 
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The  blackeyed-susan  {Rudheckia  hirta)^  or  "niggerhead"  as  it  is 
sometimes  called,  will  thrive  in  the  hottest  and  driest  situations. 
Rudheckia  triloba^  a  biennial,  perpetuates  itself  through  self-sown 
seeds.     It  may  be  used  quite  effectivdly  as  a  border  to  a  large 
bed  of  delphiniums  or  as  a  screen,  as  it  forms  a  dense  bush  be- 
tween 3  and  4  feet  high.    The  rudbeckias  are  propagated. from  seeds 
or  cuttings  or  by  division.    They  are  easily  handled.    When  grown 
from  seeds  they  may  be  sown  in  the  open  ground  as  soon  as  it  is 
dry  enough  to  work  after  freezing  weather,  or  earlier  with  heat. 
The  golden  glow,*^  one  of  the  most  satisfactory  hardy  perennials, 
is  well  adapted  for  planting  in  a  shrubbery  or  herbaceous  border. 
It  is  propagated  by  division  of  the  roots.    It  grows  to  a  height  rang- 
ing from  3  to  6  feet 
and  may  be  used  as  a 
screen     when    lower 
growing    plants    are 
placed    in   the   fore- 
ground. 

GazUardid. — In  the 
gaillardias,**  or  blan- 
ketflowers,  are  foimd 
both  annual  and  per- 
ennial plants  of 
easiest  culture,  offer- 
ing a  wide  selection 

of  varieties  and  a  pro-  ^^°-  se.-Rudbeckia. 

fusion  of  bloom  over  a  long  period.  The  blooming  period  begins 
early  and  continues  late  in  the  autumn.  These  are  plants  well 
adapted  to  mixed  borders  (fig.  37)  and  are  very  satisfactory  as  cut 
flowers.  The  stems  are  of  good  length,  carrying  the  orange  and  crim- 
son flowers  well,  while  the  cut  flowers  keep  fresh  for  a  long  time 
when  placed  in  water. 

The  annual  gaillardias  are  all  propagated  readily  from  seeds  sown 
where  they  are  to  grow  soon  after  freezing  weather  is  past,  although 
they  can  be  started  under  glass  and  be  transplanted  to  their  perma- 
nent location  as  soon  as  killing  frosts  have  passed.  In  either  case, 
the  blooming  plants  should  not  stand  closer  together  than  10  to  12 
inches.  They  grow  and  bloom  best  when  fully  exposed  to  sun  and 
air  and  when  planted  on  a  fertile  but  light  and  well-drained  soil. 

Lupines, — ^Lupines  "  (fig.  38)  are  blue-flowered  hardy  annuals  of 
easy  culture  that  succeed  in  partial  shade.  They  grow  about  2  feet 
high  and  are  useful  in  mixed  borders,  in  beds,  and  for  cutting.    They 

*»  A  double-flowered  form  of  Rudheckia  lariniata  I..  *  Lxtpinutt,  fleveral  species. 

••  Qaillardia  pulchella  picta  Gray. 
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should  be  sown  in  the  open  ground  as  soon  as  the  soil  is  fit  to  work, 
or  earlier  under  glass. 

African  marigold. — The  African,  or  Aztec,  marigold  *^  is  the  taller 
of  the  two  distinct  types  of  garden  marigolds,  each  with  numerous  hor- 
ticultural varieties.  Each  type  is  derived  from  a  different  species. 
They  are  popularly  spoken  of  as  African  mangold  and  French  mari- 
gold, but  their  common  names  give  no  clew  to  their  nativity.  The 
former  is  not  only  the  taller,  but  is  more  spreading  in  growth,  and  is 
well  adapted  to  herbaceous  or  alirubbery  borders.    It  frequently  grows 


Fig.  37.— Galllardia. 

2  or  more  feet  in  height,  and  for  this  reason  it  is  better  suited  for 
planting  in  mixed  borders  or  along  belts  of  trees  and  shrubs  than  in 
beds  or  massed  in  small  areas.  This  is  the  common  marigold  of  the 
garden  in  America  (fig.  39).  The  leaves  and  flowers  are  strong 
scented,  while  the  range  of  color  is  from  sulphur  yellow  to  orange,  the 
darker  shades  being  more  commonly  met  with  than  the  lighter  ones. 

These  plants  may  be  started  under  glass  or  in  the  open  ground 
as  soon  as  freezing  weather  is  past.    They  are  of  easiest  culture. 

Japanese  hellflowers. — The  platycodons,  balloonflowers,  or  Jap- 
anese or  Chinese  hellflowers,*^  are  blue  and  white  flowered  hardy 

^Tagetes  erecta  L. 

*^  Platycodon  grandiflorum  A.  DC.  and  P.  grandiflarum  japonicum  Stubenraoch. 
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perennials,  which  succeed  fairly  well  as  annuals.  The  seed  may  be 
sown  as  soon  as  freezing  weather  is  past,  and  the  plants  will  begin 
to  bloom  in  about  four  months.  They  will  thrive  in  any  good  garden 
soil,  but  are  not  as  readily  grown  as  many  of  the  true  annuals. 

SaZpiglossis. — The  salpiglossis,*^  or  painted-tongue,  is  an  unusually 
dainty  and  attractive  funnel-shaped  flower  ranging  from  white  to 
purple  and  crimson, 
more  or  less  veined 
with  gold,  and  borne 
on  slender  upright 
stems  that  give  the 
whole  plant  an  air  of 
distinction  (fig.  40). 
The  seed  should  be 
sorwn  early  under 
glass  or  in  the  open 
ground  as  soon  as 
danger  of  frost  is 
past.  It  is  not  suited 
to  bedding,  but  is 
beautiful  in  the  bor- 
der or  for  cutting. 
It  is  a  little  more 
difficult  to  grow  than 
some  of  the  other  an- 
nuals. 

Snapdrdgon. — The 
snapdragon  **     is     a 
valuable  border  plant. 
It  is  a  perennial,  but 
flowers  the  first  year 
from  seed  sown  in  the 
spring.     The  bright 
color     and     peculiar 
form  of  the  flowers 
(fig.   41)    always  at- 
tract attention.    The  p,q  38.— Lupine. 
newer  sorts  offer  an 
enlarged  variety  of  colors  and  of  markings  ranging  from  white  to  yel- 
low and  scarlet.    The  spikes  are  useful  for  cutting,  keeping  fresh  a 
long  time.    From  seed  sown  in  the  open  ground  when  danger  of  frost 
is  past  blooms  will  be  obtained  in  about  10  weeks.    For  early  flowers 
the  seed  should  be  sown  under  glass  and  transplanted  into  beds  of 

**  Salpifflotsig  8inua1a  Ruiz  and  Pav.  *'  AntirrMnum  majun  L. 
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warm,  dry  soil  moderately'  enriched.  If  protected  by  a  coldframe  or 
even  a  mulch  of  leaves  in  the  North,  the  plants  will  winter  well  and 
bloom  early  the  following  year.  The  snapdragon,  like  most  peren- 
nials and  biennials  which  bloom  the  first  year  and  of  which  a  particu- 
lar display  is  desired,  should  be  treated  as  an  annual  and  sown  every 
year.  The  plant  is  of  easy  culture  and  blooms  freely  and  continu- 
ously until  frost. 

Balaam. — The  garden  balsam  **  is  a  native  of  India.    It  likes  hot 
sun,  rich  soil,  and  plenty  of  water.    The  young  plants  are  quick,  sure 

growers,  and  seeds 
sown  in  the  open 
ground  about  the 
time  of  the  last  frost 
soon  form  handsome 
bushes  thickly 
massed  with  large 
roselike  white,  pink, 
or  rose-colored  flow- 
ers (fig.  42).  Trans- 
planting two  or  three 
times  has  a  tendency 
to  dwarf  the  plauts 
into  better  shape  and 
and  to  make  the 
flowers  more  double. 
Balsams  are  not 
often  given  room  to 
perfect  their  devel- 
opment ;  they  will 
easily  cover  from  12 
to  18  inches  of  space 
each  way.  For  the 
finest  flowers  choice 
seed  is  more  than 
usually  essential,  as 
cultivation  and  selec- 
tion have  wrought  wonders  with  this  plant.  The  one  objection  to  the 
balsam  is  its  habit  of  producing  its  flowers  on  the  under  side  of  the 
leaves  or  inside  the  plant  as  it  were.  While  the  individual  flowers  are 
beautiful,  the  obscure  manner  in  which  they  are  borne  detracts  con- 
siderably from  their  ornamental  value.  When  used  at  the  margin  of 
groups  or  to  crown  a  terrace  bank  they  are  shown  to  best  advantage. 
For  early  blooms  balsam  seeds  should  be  sown  in  a  gentle  hotbed  or 
in  a  dwelling  house  about  eight  weeks  before  the  last  frost.     As 


FiQ.  39. — African  marigold. 


**  Impatient  haUamina  L. 
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soon  as  the  first  true  leaves  have  developed,  the  young  plants  should 
be  transplanted  to  thumb  pots  or  to  boxes,  where  they  will  stand  about 
2  inches  apart  each  way.    An  abundance  of  light  and  water  is  at  all 
times  necessary  for  success  with  these  plants.    Care  should  be  exer- 
cised to  prevent  them  from  becoming:  drawn,  as  stocky,  symmetrical 
plants  produce  the  best  flowers.    They  should  be  transplanted  to  the 
open  when  the  weather  has  become  warm,  as  they  will  not  stand  frost. 
Poppy. — In  the  spring,  even  before  tulips  are  fairly  gone,  old 
gardens  begin  to  be  gay  with  poppies.**^     No  other  plants  possess  so 
bold  and  brilliant  a  flower,  coupled  with  the  same  grace  of  stem^ 
airiness  of  poise,  and 
delicacy     of    tissue. 
For   beds   and   bor- 
ders,  with    a   back- 
ground  of   green, 
there  is   nothing 
which   will   produce 
a  more  striking  con- 
trast    than    their 
white,  pink,  or  scar- 
let flowers.     Some 
sorts   are   admirable 
for  naturalizing 
in   open  wooded 
grounds ;  others,  like 
the  beautiful  Shirley 
p)oppy,**  maybe  used 
for   cutting,   though 
these  last  only  a  few 
hours.   A  sandy  loam 
suits    poppies    best. 

As  their  strong  tap-  fig.  4o.— saipigiossia. 

roots  are  difficult  to  transplant,  it  is  well  to  sow  the  seed  where 
the  plants  are  to  bloom.  Sowing  seed  just  before  winter  and  at 
intervals,  in  the  springy  the  first  sowing  being  while  the  ground 
still  freezes  at  night,  will  provide  a  long  succession  of  flowers.  The 
seeds  should  be  sown  thinly  and  covered  very  lightly,  as  they  are  quite 
small.  As  soon  as  the  young  seedlings  are  well  established  the  plants 
should  be  thitined  to  stand  about  a  foot  apart.  The  plants  which 
bloom  most  profusely  are  those  grown  from  fall  or  early  spring 
sowings  while  the  earth  is  cool  and  moist.     Tliey  may  be  sown  as 

^Papaver,  several  species.  *^  Papaver  rhoeas  L. 
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early  as  the  soil  can  be  worked.     They  are  well  adapted  to  the  use 
of  the  beginner. 

Snow-on-the'inouutain,  —  Snow-on-the-mountaiii  *^  is  a  strong- 
growing  hardy  annual  foliage  plant  whose  attraction  lies  in  the  white 
borders  to  the  bright  green  leaves  (fig.  48).     It  is  very  showy  in 

mass,  but  needs  a 
facing  of  other 
plants,  as  it  is  apt  to 
form  a  broad  head 
with  few  branches 
near  the  ground.  Its 
flowers  are  incon- 
spicuous. 

The  seeds  of  snow- 
on-t  he-mountain 
should  be  sown  in 
the  open  ground 
when  freezing  weath- 
er is  past,  or  earlier 
under  glass.  The 
plant  is  easily  han- 
dled and  will  grow  in 
almost  any  soil^  but 
it  makes  the  greatest 
growth  where  there 
is  plenty  of  fertility 
and  is  the  most  showy 
on  poor  ground.  It 
frequently  reseeds  it- 
self. 

PLANTS  GROWmC  ABOUT 
18  INCHES  HIGH. 

Plants  that  grow 
about  18  inches  high 
are  the  globe  ama- 
ranth, four-o'clock,  godetia*  Job's-tears,  mignonette,  rose  everlasting, 
and  stock. 

Four-o^clock, — The  four-o'clock,**  sometimes  called  the  "marvel-of- 
Peru,"  is  normally  a  perennial  in  its  native  region,  the  warmer  parts 
of  America,  but  under  garden  culture  gives  satisfactory  results*  when 
treated  as  an  annual  (fig.  44).    The  seed  may  be  sown  under  glass 


Pig.  41. — Snapdragon. 


*^  Euphorbia  marginata  Pursh^ 


^MUrahiliB  jalapa  L. 
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pj^  ^2  frequently    manifests 

its     perennial     habit 
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of  developing  tuberous  roots  sufficiently  large  to  be  lifted  and  stored 
like  those  of  the  canna. 

Godetia. — The  godetia  ^^  is  a  close  relative  of  the  evening  primrose. 
The  native  California  godetias  are  spoken  of  as  "  farewell-to-spring.'' 
It  is  a  choice  free-blooming  annual  with  widely  open  flowers  (fig. 
45)  of  satiny  texture  and  delicate  rose,  light  purple,  and  white.  They 
are  suited  for  solid  beds,  border  lines,  for  pots,  and  to  grow  in  shrub- 
bery borders  in  shaded  places  where  few  other  flowers  will  flourish. 
The  seed  should  be  sown  in  the  open  or  in  a  coldframe  in  spring. 
If  the  latter,  the  seedlings  should  be  transplanted  to  stand  about  a 

foot  apart  in  rather 
thin  or  sandy  soiL 
These  plants  are  suc- 
cessfully treated  as 
biennials  by  sowing 
the  seed  in  July  and 
in  the  North  trans- 
planting the   young 


button,  is  an  attrac- 
tive and  useful  bed- 

Fio.  48.-Snow^n.tlie.monntaln.  ^^^^   p,^^^   growing 

to  a  height  of  12  to  24  inches.  The  flowers  are  predominantly  red  and 
somewhat  resemble  clover  heads  (fig.  46) .  They  are  often  cut  as  ever- 
lastings. The  seeds  should  be  sown  in  the  open  ground  soon  after 
freezing  weather  is  past,  or  they  may  be  started  under  glass  if  desired* 
JoVs'tears. — Job's-tears  ^^  is  a  grasslike  annual,  suggesting  diminu- 
tive corn  in  its  habit  of  growth  (fig.  47).  Its  chief  attraction  is  the 
beautiful  seeds  that  are  often  used  as  beads.  The  plant  itself  is  grace- 
ful, though  not  attaining  a  height  of  over  18  inches  in  the  North.  In 
the  South  it  grows  much  larger,  even  being  suggested  as  a  forage  crop. 

*•  Qodetia  amorna  Lllja.         ^  Oomphrena  glohosa  L.         ■*  Cote  lachryma-^hi  L. 
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About  the  date  of  the  last  frost,  seed  should  be  sown  where  the  plants 
are  to  grow.  Two  or  three  plants  may  grow  together  in  clumps  8  to 
10  inches  apart. 

Mignonette. — Every  indoor  or  outdoor  garden  must  have  mignon- 
ette "*  in  plentiful  supply.  The  seed  can  be  sown  at  any  time,  and  if 
successive  plantings  are  made  its  fragrant  modest-colored  flowers 
(fig.  48)  may  be  gathered  outdoors  until  November.  It  is  of  easy 
culture.  For  early  blooms  in  the  open,  seed  should  be  sown  in  pots  or 
boxes  under  glass  eight  or  ten  weeks  before  danger  of  frost  is  over 


Fig.  44. — Four-o'clock. 

and  the  seedlings  thinned  or  potted  off  to  make  stocky  plants  for 
bedding  out  as  soon  as  severe  frosts  are  past.  To  insure  a  succession 
of  bloom  throughout  the  season,  sow  a  row  or  two  at  a  time  in  the  open 
about  two  or  three  weeks  before  time  for  the  last  frost,  repeating  regu- 
larly at  inten'^als  of  about  three  weeks  until  August.  The  July  sow- 
ing will  make  good  winter-flowering  plants.  The  average  height  of 
mignonettes  is  from  9  to  18  inches. 

^Reseda  odoraia  L. 
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Rose  everlasting. — Rose  everlasting,*'  listed  in  florists'  catalogues 
as  acroclinium,  is  attractive  in  a  mixed  border  and  can  also  be  cut  as 
an  everlasting.  Its  flowers  are  white  or  rosy  pink,  and  the  plant  grows 
to  a  height  of  about  15  inches.    It  should  be  sown  in  the  open  ground 

after  the  heaviest  frosts 
are  past. 

Stock, — The   group  of 
plants  known  as  stocks" 
offers  many   desirable 
qualities.     The  plants 
^  are    easily    grown,    vig- 

orous, have  good  hab- 
its (fig.  49),  fragrant 
flowers  in  various  colors, 
a  long  season  of  bloom, 
and  are  adapted  to  a  wide 
range  of  cultural  condi- 
tions. Stocks  are  suit- 
able for  bedding,  edg- 
ings, pot  culture,  house 
'  or  conservatory  use,  and 

for    cutting.     For     bou- 
quets and  floral  work  the 
J  double    white    sorts    are 

especially  useful,  al- 
though there  are  also 
rose,  purple,  crimson, 
and  other  colors.  To  se- 
cure early  flowers,  seeds 
should  be  sown  under 
glass  before  freezing 
weather  is  gone  and  the 
young  seedlings  trans- 
planted when  an  inch 
high  into  other  pots  or 
boxes  or  into  the  fine  soil 
of  a  spent  hotbed.  Ad- 
FiQ.  45  — Godetia.  Vantage  should  be  taken 

of  showery  weather,  as 
soon  as  danger  from  frost  is  past,  to  transfer  the  plants  to  gar- 
den beds  of  deep  rich  soil,  setting  them  about  a  foot  apart  each 
way.    As  with  other  plants,  frequent  transplantings  during  the  early 

"  Helipteium  ruHfum  Benth.  and  other  spcdeB.  ^Matthiola  incami  annua  Voas. 

Digitized  by  VjOOQIC 


Growing  Annual  Flowering  Plants.  55 


PiQ,  4Q,  12  to  18  inches. 
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PLANTS  GROWING  ABOUT  12  INCHES  HIGH. 


Plants  that  are  12  inches  high  and  of  upright  growth  are  the 
calendula,  some  dwarf  varieties  of  calliopsis,  candytuft,  Cape  mari- 


FiG.  47. — Job's-tears, 


gold,  French  marigold,  annual  (or  Drummond)  plilox,  pink,  Iceland 
poppy,  and  neniophila,  while  the  California  poppy  and  petunia  are 
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spreading  and  will  grow  much  farther  than  12  inches,  though  they 
will  not  get  higher  than  this  unless  supported  in  some  way. 

Petunias  can  be  trained  on  a  support  to  a  height  of  3  feet  or  more, 
but  the  California  poppy  can  not  be  handled  in  this  way  because  of 
its      tender      stems 
that  do  best  resting 
on  the  ground. 

Miniature  sunflow- 
ers about  1  foot  in 
height  may  also  be 
obtaifiied. 

Calendula^  or  pot 
marigold. — The  cal- 
endula,** or  pot  mari- 
gold, is  a  hardy  an- 
nual about  1  foot 
high.  A  moderately 
rich  light  soil  is  most 
congenial  to  these 
plants,  but  they  are 
readily  grown  almost 
anywhere.  They 
should  be  placed 
about  8  or  10  inches 
apart  if  planted  in 
masses  (fig.  50)  or 
in  borders.  The  seed 
may  be  sown  in  the 
open  ground  quite 
early  in  the  spring, 
and  the  plants  will 
be  in  bloom  early  in 
summer  and  con- 
tinue to  bloom  until 
late  in  the  autumn. 

The    Colormg  of  the  ^'^-  ^S.-Mlgnonette. 

flowers  ranges  through  all  shades  of  yellow,  from  ivory  to  deep 
orange.  The  plants  bloom  freely  and  earlier  than  the  marigold 
and  are  useful  in  beds,  borders,  or  backgroimds.  The  dried  flow- 
ers are  sometimes  used  for  flavoring  soups  and  stews.  There  are 
both  single  and  double  forms  of  the  pot  marigold.  One  of  the  most 
satisfactory  methods  of  propagating  this  plant  is  from  seeds  sown 
about  six  weeks  before  danger  of  frost  is  past  in  spent  hotbeds  or  in 
coldframes.    About  or  a  little  after  the  date  of  the  last  frost  it  will 


«  Calendula  officinal Ut   L. 
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be  safe  to  transfer  the  young  plants  to  their  permanent  summer 
quarters. 

Candytuft. — Candytuft  **  is  among  the  best  of  the  white  flowers  for 
edging  beds  (fig.  51) ;  for  planting  in  belts,  beds,  or  for  massing;  for 
rockeries;  and  for  cutting.  Several  of  the  varieties  are  fragrant; 
all  are  profuse  bloomers  and  are  easily  grown.  There  are  also  crim- 
son, carmine,  and  lavender  varieties.     Soon  after  freezing  weather 

is  past  the  seed  should 
be  sown  outdoors 
where  the  plants  are 
to  bloom.  They 
should  be  well 
thinned  when  they 
have  grown  about  1 
inch  high.  A  second 
planting  should  be 
made  a  month  later, 
and  a  third  late  in 
July  for  fall  flowers. 
September  sowing 
will  give  winter- 
blooming  plants.  The 
soil  for  best  results 
should  be  rich  and 
the  plants  given  an 
abundance  of  water. 
They  branch  freely, 
and  if  some  of  the 
buds  are  removed  the 
flowers  remaining 
will  be  larger. 

Cape  marigold.  — 
The  Cape  marigold,*' 
also  called  African 
golden  daisy  (fig. 
52),  is  an  attractive 
orange    to    deep-yel- 

FiQ.  49.— stock.  ,  ^   .  J^  -^ 

low  showy  flower, 
growing  1  foot  or  more  high  and  as  broad.  It  is  especially  adapted 
to  dry  sunny  locations.  Seed  should  be  sown  outdoors  after  freez- 
ing weather  is  well  over,  or  it  can  be  sown  earlier  under  glass  and  be 
transplanted  to  flats  or  pots  and  then  set  in  the  open  ground  after 
danger  from  frost  is  past. 

^Jberis  umbellata  L.,  /.  amara  L.  '^  Dimorphotheca  aurantiaca  DC. 
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French  marigold. — ^The  French  marigold"*  (fig.  53)  is  more  com- 
pact and  regular  in  growth  than  the  African  marigold  and  conse- 
quently is  more  valuable  as  a  bedding  or  low  border  plant.  The 
habit  of  growth  is  erect  and  compact,  with  good  foliage.  The  flowers 
are  well  formed,  of  bright  yellow  and  orange  colors,  and  occur  from 
June  until  frost.  While  these  plants  can  be  grown  easily  and  suc- 
cessfully brought  into  bloom  from  seeds  sown  in  the  open  after 
danger  of  frost  is  past, 
they  do  not  give  as 
early  bloom  or  the 
profusion  of  flowers 
which  will  be  borne  by 
plants  that  are  stai'ted 
in  a  house  and  shifted 
for  a  time  into  pots, 
ijvhich  confine  the 
roots  and  check  the 
plant,  so  that  when 
set  in  the  open  ground 
the  increased  food 
supply  will  have  a 
tendency  to  induce  the 
development  of  flow- 
ers rather  than  wood, 
a  tendency  which  will 
be  likely  to  be  main- 
tained throughout  the 
season.  When  trans- 
ferred to  the  open  the 
plants  should  be  set 
at  least  1  foot  apart 
each  way.  The  same 
distance  should  also 
be  given  the  plants 
grown  from  seed  sown 
in  the  open.  There 
are  both  double  and  single  forms  of  the  French  marigold.  The 
named  varieties  are  especially  good,  but  very  satisfactory  results 
are  obtained  from  mixed  seeds. 

Phlox. — The  annual,  or  Drummond,  phlox  *®  is  particularly  useful 
and  attractive  when  sown  in  masses  or  ribbon  beds  of  contrasting 
colors.    Few  annual  plants  are  more  easily  grown  from  seed,  give  a 


Fio.  50. — Calendula. 


"  Tagetw   patula    L. 


^  Phlox    drummondii    }Iook. 
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quicker  return  of  bloom,  or  offer  such  a  variety  to  choose  from  as  do 
the  phloxes.  They  are  rich  in  reds,  with  a  few  varieties  approaching 
buff  and  lilac  (fig.  54).  If  given  good  soil,  plenty  of  water,  and  full 
sunshine,  they  furnish  throughout  the  season  a  supply  of  delicate 
flowers  for  cutting.  The  phloxes  are  also  useful  as  window-garden 
plants  and  may  be  used  as  an  undergrowth  for  tall  bare-st«nmed 
plants.  The  first  sowing  of  seed  should  be  made  as  soon  as  f  Fost  is  out 
of  the  ground  in  the  spring ;  another  a  month  later,  either  where  the 

plants  are  to  bloom 
or  in  a  seed  bed,  as 
the  phlox  transplants 
readily.  In  trans- 
planting set  the  taller 
kinds  about  a  foot 
apart.  If  planted  too 
thickly  they  suffer 
from  mildew.  The 
removal  of  flowers 
and  seed  pods  makes 
the  plants  more 
bushy  and  compact 
and  lengthens  their 
blooming  period. 
The  average  height 
of  the  plants  is 
about  a  foot. 

Pinks. — ^The  large 

and  varied  genus  of 

Dianthus    contains 

some    of    our     most 

beautiful    and    m<^ 

profitable  flowers 

(fig.  55).    Most  are 

Fig.  5i.-caiidytuf t  hardy  perennials  that 

bloom    freely    the    first    season,    the    plants    remaining   green    all 

winter   and   blossoming   the  next  year   if  lightly   protected    by   a 

mulch  of  straw,  cut  fodder,  or  leaves.     Old  plants  flower  earliest, 

but  as  young  ones  give  the  largest,  finest  flowers,  sowings  are  made 

every  year.    Seed  can  be  sown  under  glass  or  in  an  open  sheltered  bed 

as  soon  as  the  frost  is  out  of  the  ground.    The  seedlings  are  easily 

transplanted  and  should  stand  8  to  12  inches  apart;  dwarf   ones, 

about  6  inches.     If  especially  large  brilliant  flowers  are  desired,  a 

bed  of  well-mixed  turfy  loam,  leaf  mold,  and  well-decayed  manure 

should  be  prepared  for  them.    Good  drainage  should  be  provided,  as 
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the  plants  are  impatient  of  too  much  moisture  and  are  more  liable  to 
winterkill  in  moist  than  in  well-drained  situations ;  in  fact,  the  plant 
is  hardy  to  severe  cold,  but  succumbs  when  exposed  to  low  tem- 
peratures in  wet  places. 

The  flowers  of  all  the  plants  of  this  group  are  most  satisfactory  for 
bouquets  and  table  decorations  because  of  the  length  of  time  they 
will  keep  in  a  fresh  and  attractive  condition  after  being  cut  and 
placed    in    water. 
ThTeir  colors  are 
chiefly    white    and 
shades  of  red. 

The  carnation 
pink,"**  which  is  the 
forcing  carnation  of 
the  American  florist, 
can  be  grown  from 
seeds,  but  it  usually 
will  not  bloom  until 
five  months  or  more 
from  planting.  The 
seeds  should  be  sown 
very  early  in  the  sea- 
son in  hotbeds,  the 
young  plants  being 
given  frequent  shifts 
to  pots  of  increased 
size  as  they  grow 
until  all  danger  of 
frost  is  past  and  the 
growing  season  is 
well   on,  when  they 

may    be    transferred  *'^^-  ^^-^^^  "^'^o^^^- 

to  the  border  where  they  are  to  bloom.  If  they  are  given  a  rich 
soil  and  an  abundance  of  moisture  the  blooms  will  more  than  repay 
the  extra  trouble  taken,  but  they  are  not  to  be-  coimted  on  for 
very  satisfactory  results  until  the  second  season.  Seedling  plants 
are  more  variable  in  character  than  plants  propagated  from  cuttings, 
and  for  that  reason  seedlings  are  not  used  by  florists  except  in  seek- 
ing for  new  varieties. 

On  the  continent  of  Europe  this  type  of  dianthus  is  more  commonly 
used  as  a  garden  annual  than  in  America.  The  form  known  as  the 
"  Marguerite  carnation,"  ^^  which  has  recently  come  into  popular 

^Dianthus  CQryophyUun  L. 

••  A  hybrid  derived  from  Dianthuft  chinenMs  and  somo  other  species. 
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Fig.  r>3. — French  marigold. 
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favor,  is  well  adapted  to  cultivation  as  an  annual.    Most  of  its  flowers 
come  double,  and  it  has  a  pleasing  habit  of  growth. 

The  hybrid  sweet-william  •*  is  one  of  the  most  satisfactory  mem- 
bers of  this  group  for  annual  planting.  While  seed  can  be  sown  in 
the  open  about  the  time  frosts  are  over,  the  best  results  in  the  way 
of  early  bloom  come  from  plants  produced  from  seeds  sown  in  a 
hotbed  not  later  than  six  weeks  before  the  last  frosts,  the  young 
plants  being  pricked  out  into  flats  or,  preferably,  into  thumb  pots, 
and  later  shifted  to  3-inch  pots  before  planting  in  the  flowering  bor- 
der. The  outside  planting  of  hotbed-grown  plants  should  be  de- 
layed until  the  season  has  advanced  sufficiently  to  prevent  the  plants 


Fio.  54. — Dnimmond  phlox. 

from  suffering  from  a  check  by  cold  after  being  placed  in  the  open. 
The  pot-grown  plants  should  be  set  at  least  10  inches  apart,  and 
seedlings  from  seeds  sown  in  the  open  had  best  be  thinned  to  stand 
at  least  8  inches  apart. 

Tlie  sweet-william  ••  of  old-fashioned  gardens  is  a  perennial,  or 
at  least  a  biennial,  and  needs  to  be  sown  in  the  summer  for  satis- 
factory results  the  following  year. 

One  of  the  handsomest,  easiest  grown,  and  most  satisfactory  annual 
pinks  is  the  Japanese  pink.**  Seed  sown  early  under  glass  or  out- 
doors as  soon  as  the  ground  is  settled  will  give  blooms  by  midsmnmer 
or  before,  and  the  plants  will  continue  blooming  until  frost.     Seed 

'^Dianthut  latifoHua  Ilort.  •*  Dianthua  chirwnais  heddewigii  Regel. 

^lHanthu9  harhatua  L. 
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sown  later  will  give  some  very  late  blooms  and  an  abundance  of  fine 
flowers  the  next  spring.  There  are  both  single  and  double  varieties. 
The  Chinese  pink,**  which  is  somewhat  similar  to  the  Japanese 
pink,  is  also  a  satisfactory  plant  handled  in  the  same  way.  The 
varieties  usually  offered  are  double. 

The  fringed  pinks,®*  both  single  and  double,  are  admired  by  many 
and  are  easily  grovm,  satisfactory  plants  that  do  best  in  poor  soil 
with  plenty  of  sun. 

The  Scotch  pink,*^  or  grass  pink,  is  a  hardy  dianthus  which,  when 
treated  as  an  annual,  like  the  hybrid  sweet-william,  gives  very  sat- 
isfactory results.    The  delicately  fringed  variously  colored  pink  and 

white  fragrant  flow- 
ers give  the  plant  an 
odd  yet  attractive 
appearance. 

NemophUa. — The 
representatives  of 
the  genus  Nemoph- 
ila**  are  dwarf, 
compact -growing, 
hardy  annual  herbs^ 
about  12  inches  in 
height,  which  pro- 
duce an  abundance 
of  showy,  bell- 
shaped  flowers  from 
early  spring  to  late 
autunm,  for  which 
reason  they  are  es- 

Fig.  66.— Japaneae  pink.  teemed    for    borders 

and  for  bedding  pur- 
poses. All  the  species  may  be  propagated  from  seed.  For  stun- 
mer  and  late  fall  blooms  the  seed  may  be  sown  in  the  open  as  soon  as 
freezing  weather  is  past,  the  plants  being  left  without  transplanting. 
The  nemophilas  love  a  cool,  moist  loam  with  partial  shade  and  pro- 
duce an  abundance  of  showy  blue,  violet,  and  white  margined  and 
dotted  flowers,  which  are  very  valuable  for  bedding  and  for  cut  flow- 
ers. These  plants  are  especially  adapted  to  the  cooler  parts  of  the 
country  or  for  winter  culture  in  the  South.  If  the  seeds  are  sown  in 
the  open  about  the  middle  of  August  and  the  seedlings  transplanted 
in  late  autumn,  very  early  flowers  may  be  obtained. 

"  DianthuH  chinensis  L.  ^  Dianthus  plumarius  L. 

^Dianthus  chinensis  lacinatun  Kegel.  ^NemophUa  mengie»U  Hook,  and  Am. 
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Poppies. — ^The  Iceland  poppy  ••  is  a  dainty  and  attractive  peren- 
nial that  comes  into  bloom  almost  as  soon  as  the  true  annual  poppies 
(fig.  56).  It  grows  about  a  foot  high  and  bears  its  yellow,  white, 
and  deep-orange  flowers  on  slender,  graceful  stems.  If  cut  before 
opening,  the  blossoms  keep  quite  satisfactorily.  If  the  dead  blossoms 
are  kept  picked  off,  the  plants  will  continue  to  blossom  the  whole 
summer.  Seeds  are  best  sown  where  the  plants  are  to  grow,  as  early 
in  the  spring  as  the  ground  can  be  worked.  The  plants  should  be 
thinned  to  about  a  foot  apart. 

The  California  poppy  ^®  is  the  State  flower  of  California  and  an 
annual  of  striking  character  (fig.  57)  as  regards  both  the  form  and 
the  color  of  its  flow- 
ers, which  are  bright 
and  rich  in  their  tints 
of  yellow  and  orange. 
The  plants  average 
about  a  foot  in 
height,  have  attrac- 
tive silvery  foliage, 
and  produce  their 
large  poppylike  flow- 
ers quite  lavishly 
from  early  spring  un- 
til frost.  They  are 
most  effective  when 
grown  in  beds  of  con- 
siderable size,  over 
which  the  seed  may 
be  thinly  sown  broad- 
cast and  then  lightly 
raked  in.  These  sow- 
ings may  be  made 

1        •        .1  .  Pig.  66. — Iceland  poppy. 

early  in  the  sprmg 

or  late  in  the  fall  for  early  germination  and  bloom  the  next  spring. 
The  California  poppy  is  also  very  useful  as  a  pot  plant  and  for  cut 
flowers.    It  is  easily  grown. 

Petunia. — Because  of  the  ease  and  facility  with  which  all  of  the 
single-flowered  varieties  of  the  petunia  ^^  can  be  grown  from  seed, 
this  plant  commands  attention  as  a  worthy  candidate  for  the  sununer 
flower  garden  (fig.  58).  The  young  plants  grow  rapidly  and  come 
into  bloom  early,  and  in  addition  to  this  they  furnish  a  continuous 
wealth  of  blossoms  until  destroyed  by  frost.     The  large-flowered 

•Papatcr  nudioaule  L.  "^^ Petunia  cuHllarit  B.  8.  P.  (P.  violacca). 

''^  B»chscholtzia  calif omica  Cham. 
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strains  are  very  beautiful  and  of  great  Varietx.  While  the  single 
sorts  are  common  and  inexpensive,  the  double  giant-flowered  vari- 
eties are  rendered  expensive  because  they  must  be  reproduced  from 
seed  which  sets  only  after  careful  hand  pollination  of  the  flowers, 
which  is  in  itself  an  expensive  operation,  or  from  cuttings,  of  which 
an  individual  plant  can  supply  but  a  limited  number.     The  colors 

range  from  white 
through  rose  to 
almost  purple. 

For  the  best  re- 
sults the  seeds  of  all 
sorts  should  be  sown 
in  a  gentle  hotbed, 
coldf  rame,  or  in  fine 
soil  in  a  box  placed 
in  a  sunny  window 
before  or  by  the  time 
freezing  weather  is 
over.  When  the  soil 
has  warmed  suffi- 
ciently and  the  dan- 
ger of  frost  has 
passed,  the  seedling 
plants  should  be 
transplanted  to  a 
rich  garden  loam 
and  placed  about 
a  foot  apart  each 
way.  The  seed  of 
the  double  varieti^ 
is  less  vigorous  than 
that  of  the  single 
sort ;    therefore,    to 

nn      «^    ^  ,.-     ,  insure  good  germi- 

FiQ.  57. — California  poppy.  .        ^.  =»     . 

nation,  it  requires 
more  attention  to  prevent  extremes  of  temperature  and  of  moisture. 
If  the  seeds  are  sown  in  boxes  in  a  living  room,  a  pane  of  glass  may 
be  kept  over  the  top  to  maintain  a  close  atmosphere  and  thus  prevent 
the  loss  of  moisture  until  the  young  plants  are  well  out  of  the  ground. 
In  planting,  the  seeds  should  be  scattered  over  the  surface  of  the 
soil  and  brought  in  contact  with  it  by  firming.  They  should  not, 
like  most  other  seeds,  be  covered.  In  transplanting,  the  weaker, 
slower  growing  seedlings  should  not  be  ignored,  as  they  are  likely  to 
be  the  plants  that  will  produce  the  finest  blossoms. 
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ornamental  plant- 
ing that  do  not  grow 
to  a  height  of  a 
foot.  Among  these 
are  the  ageratum, 
lobelia,  dwarf  nas- 
turtium, pansy,  por- 
tulaca,  sweet  alys- 
sum,  tagetes,  forget- 
me-not,  and  verbena, 
while  the  cocks- 
comb has  dwarf 
varieties  less  than  a 
foot  in  height. 

Ageratum. — ^"  For 
strengthening  the 
garden's  color  forces 
in  blue,  no  annual 
is   so    good    as   the 


Petunias  are  attrac- 
tive  in  beds  and 
masses,  serve  well  for 
broad  borders  or  bands, 
and  thrive  well  in 
window  boxes.  They 
are  not  exacting  as 
regards  soil  c  o  n  d  i  - 
tions,  thriving  well  in 
almost  any  arable  soil, 
and  they  endure 
drought  well  and  bloom 
profusely. 

PLANTS    LESS   THAN    12 
INCHES  HIGH. 

There  are  several 
desirable    annuals    for 


PETUNIAS 


m 


Fig.  58. 
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ageratum.""  Though  ordinarily  used  in  bedding  and  borders 
in  contrast  with  such  plants  as  geraniums,  perillas,  amaranthus^ 
etc.,  the  rose,  white,  and  blue  ageratums  are  exceedingly  attrac- 
tive when  mingled  with  alyssum,  candytuft,  and  similar  plants. 
They  grow  well  upon  almost  all  soils  and  through  a  wide  range 
of  climate;  for  that  reason  many  combinations  with  them  are  pos- 
sible.    The  plants  are  easily  grown,  neat,  bushy,  and  erect,  with 

a  continual  profuse 
clustering  of  pretty 
brush  like  flowers 
(fig.  59)  throughout 
the  season.  The 
dwarf  blue  sorts 
make  fine  borders 
and  are  much  used 
where  contrasting 
color  effects  are  de- 
sired. For  early  re- 
sults the  seed  should 
be  sown  in  cold- 
frames  or  boxes  in 
the  house  early  in 
the  season  before 
freezing  weather  is 
past,  but  for  summer 
and  fall  blooms  the 
seeds  may  be  sown 
in  well-prepared  beds 
in  the  open  after 
the  ground  stops 
freezing.  Seeds 
.  sown  in  August  will 
produce  good  plants 
for  winter  flowering. 
Lobelia, — The  lo- 
Fio.  59.-Ageratum,  bclias "   are   charm- 

ing  little  plants  that  bloom  very  quickly  from  seed  and  continue 
gay  with  flowers  all  through  the  season.  For  beds,  edgings, 
baskets,  and  pots  there  is  nothing  prettier;  their  cle^r  white  and 
shades  of  blue  and  generous  bloom  make  them  welcome  anywhere 
(fig.  60).  The  seeds  may  be  sown  outdoors  in  early  spring  where 
the  plants  are  to  grow.  As  the  plants  appear  they  should  be  thinned 
moderately  or  transplanted  several  inches  apart  in  rich  open  soil. 

'^Ai/eratum  conpsoides  L.,  A.   houstonianum  Mill.  "^^  Lobelia  erinutt  L. 
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Liquid  manure  applied  while  they  are  in  bloom  greatly  improves  the 
flowers.  Many  sorts  are  also  good  winter  conservatory  plants  of 
trailing  habit.  There  are  perennial  or  tall  varieties  that  are  hand- 
some, showy  plants  with  red  or  with  blue  flowers,  quite  effective  for 
backgrounds  and  grouping. 

Dwarf  nastwrtium. — A  wide  range  of  color  has  been  developed  in 
the  dwarf,  or  Tom  Thumb,  nasturtium,'*  which  for  three  or  four 
months  of  the  season  makes  a  better  display  than  almost  any  other 
plant  (fig.  61).    No  annual  will  produce  such  a  profusion  of  flowers 


moisture  greauy  reauces  me  suppiy 
of  flowers.'  In  soil  too  rich  the  leaves  predominate  and  the  plants 
are  apt  to  rot  off  in  wet  weather,  especially  if  standing  too  close. 
The  seeds  should  be  planted  an  inch  deep  just  after  the  last  frost, 
and  the  seedlings  should  be  thinned  to  10  or  12  inches  apart.  The 
rows  should  be  not  less  than  a  foot  apart. 

These  plants  have  a  neat,  compact  habit  of  growth  and  attractive 
foliage  and  are  not  infested  by  insects.  Blossoms  appear  in  two 
months  from  the  date  of  seed  sowing  and  continue  throughout  the 
whole  season.  A  bed  of  dwarf  nasturtiums  in  full  bloom  is  a  sea 
of  yellow  and  orange,  mixed  with  browns,  maroons,  and  lemon.    It 

'*  Tropaeolum  majua  nanum  Hort. 
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is  said  that  a  good  bed,  6  by  20  feet  in  size,  will  yield  about  1,000 
flowers  each  day.    The  average  height  is  9  inches. 

Pansy. — The  pansy ,^*  sometimes  called  heartsease  (fig.  62),  is 
a  favorite  with  almost  everyone.  The  flowers  are  usually  yellow 
or  purple,  sometimes  almost  white  or  almost  black,  but  usually 
more  or  less  splotched.  The  pansy  is  a  plant  that  demands  more 
than  ordinary  attention,  but  none  repays  such  attention  more  lib- 
erally. For  very  early  outdoor  bedding  the  seed  is  sown  in  the 
autumn  (September)  in  a  coldframe  or  in  rich  moist  garden  beds, 
from  which  the  plants  can  be  transferred  before  severe  winter  weather 


begins.  South  of  Cincinnati  and  St.  Louis  the  transplanting:  can 
be  to  the  beds  where  they  are  to  bloom.  North  of  these  cities  they 
should  be  transferred  to  a  coldframe,  setting  them  2  or  3  inches  apart 
each  way.  In  the  spring  three-fourths  of  them  can  be  lifted  out 
for  bedding  and  the  rest  left  to  bloom  in  the  frame.  For  winter 
bloom  in  a  frame  set  the  plants  about  twice  as  far  apart  and  thin  out 
half  of  them  in  the  spring.  Cover  the  blooming  plants  with  sash, 
adding  a  covering  of  matting  or  straw  in  very  cold  weather.  In 
mild  weather  remove  the  mats  and  tilt  the  sashes  to  admit  light  and 
fresh  air  and  to  prevent  the  plants  from  becoming  drawn.  In  out- 
door beds  raised  a  few  inches  above  the  ground,  with  a  mulch  of  dry 
leaves  and  some  brush  to  hold  them  in  place,  pansies  will  often  winter 


"  Viola  tricolor  L. 
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nicely  in  the  North  and  bloom  until  midsummer,  when  a  relay  of 
young  vigorous  plants  should  be  ready  to  replace  them. 

Spring  sowings  should  be  made  early,  so  as  to  secure  good  flowers 
during  the  early  rains.  Seeds  sown  in  a  cool,  moist  place  in  June 
and  July  and  well  tended  will  give  good  flowering  plants  for  fall. 
If  they  come  into  bloom  in  the  heat  of  the  summer,  the  flowers  may 
be  small  at  first ;  but  as  the  weather  becomes  cooler  they  will  increase 
in  size  and  beauty.  Through  the  summer  heat  the  flowers  are  finer 
in  a  somewhat  shaded  place,  but  in  almost  any  situation  good  pansy 
seed  will  produce  fine  flowers  in  spring  and  fall.  Early  fall  sowings 
give  the  finest  spring  flowers. 


FiQ.  62. — Pansies. 

In  the  South  much  better  results  may  be  expected  with  these  plants 
in  the  winter  than  in  the  summer. 

PorUdaca. — ^The  bright-flowered  thick-leaved  portulaca,"  some- 
times called  Sim  plant,  is  unrivaled  for  brilliancy  among  plants  of 
low  growth.  It  possesses  the  ability  to  flourish  under  extremely 
adverse  conditions;  even  the  hot  sun  and  a  light  sandy  soil  with 
sparse  water  supply  will  not  destroy  it.  It  is  satisfactory  for  beds, 
edgings  (fig.  63),  and  rockwork,  and  for  filling  up  irregular  spaces 
or  unexpected  gaps  in  flower  beds;  as  an  undergrowth  for  taller 
plants  it  is  also  valuable.     It  carpets  the  ground  with  a  mat  of 

^Portulaca  grandiflora  Hook. 
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succulent  foliage  that  in  the  forenoon  is  hidden  by  the  gayest  flowers, 
ranging  through  the  reds  and  yellows.  The  plant  is  particularly 
useful  in  the  Northwest.  The  seed  does  not  germinate  until  hot 
weather  and  should  be  sown  late.  Beyond  the  sowing  this  plant  re- 
quires little  care.  The  hardy  character  of  the  plant  is  shown  by  the 
fact  that  it  can  be  transplanted  while  in  full  flower  through  the 
driest,  hottest  seasons.    The  average  height  is  6  inches. 

In  the  southern  half  of  the  country  portulaca  will  perpetuate  itself 
by  self-sown  seeds.  In  some  soils  this  is  sufficient  to  cause  the  plant 
to  assmne  a  weedy  character.  It  never  becomes  troublesome  like  its 
near  relative,  the  weedy  garden  purslane,  or  "pusley"  {Portulaca 
obracea) . 


Fig.  63. — Portulaca. 

Sweet  (dygsum. — Sweet  alyssum^^  is  a  most  easily  grown,  dainty 
little  white  flower,  recommended  to  be  used  liberally  for  borders, 
edgings,  baskets,  pots,  rockwork,  and  for  cutting  (fig.  64).  For 
borders  the  seed  should  be  sown  thickly,  so  as  to  form  masses.  For 
winter  bloom  sow  late  in  August  and  thin  the  seedlings  to  stand 
about  4  inches  apart,  but  for  spring  bloom  for  borders  the  seeds 
should  be  sown  in  the  open  early  in  the  spring,  or  even  late  in  the 
preceding  autumn  in  some  localities.  Where  the  plant  will  not  en- 
dure the  winter,  however,  early  spring  planting  under  cover,  either 
in  a  coldframe,  a  spent  hotbed,  or  in  boxes  in  a  dwelling,  is  most  to 
be  relied  upon.     Sweet  alyssum  can  also  be  increased  from  cuttings 

""  Lobularia  tnaritima  Desy.   (Alyssum  marititnum) , 
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Fig.  64. 
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Dwarf  marigold. — Dwarf  marigold/*  or  as  it  is  frequently  listed 
in  catalogues  "  Tagetes,"  is  the  very  dwarf,  compact  single  marigold 
with  almost  femlike  leaves.  The  plants  are  scarcely  more  than  8 
inches  tall  and  bear  freely  their  bright  yellow  blossoms.  They  can  be 
started  in  the  open  ground  soon  after  freezing  weather  is  past  and  are 
readily  grown. 

Verbena^ — ^The  verbena  ^°  is  a  low-growing  annual  with  a  creeping 
habit.  The  flowers  are  borne  on  terminal  or  lateral  shoots  which 
lift  themselves  from  5  to  7  inches  off  the  ground,  and  when  grown  in 
mass  the  plants  will  form  a  mat  that  in  full  bloom  will  give  the  soil 
the  appearance  of  having  a  carpet  of  flowers.    Because  of  the  ability 

of  the  plant  to  form  a  compact 
growth  and  produce  a  wealth  of 
flowers  over  a  long  period,  the 
verbena  is  frequently  used  as  a  bed- 
^Jing  plant  where  carpet-bedding 
effects  are  desired.  The  con- 
trasting colors  in  the  varieties, 
which  come  true  from  seed,  allow 
the  securing  of  pleasing  combina- 
tions which  are  effective  where  low- 
growing  plants  can  be  used.  The 
colors  include  wbite^ipl;;,  scarlet, 
blue,  and  purple.  The  length  of 
stem  and  the  texture  of  the  flower 
(fig.  65)  are  such  that  the  verbena 
IS  of  value  for  bouquets  and  table 
decorations.  It  can  be  used  with 
good  effect  in  beds,  borders,  mounds, 
and  window  boxes. 
While  the  verbena  grows  readilv 
FiQ.  65.-Verbena.  f^.^^^    cuttings    and    from    layers, 

seedling  plants  are  more  vigorous  and  as  a  rule  produce  better  flowers. 
For  the  earliest  bloom,  sow  the  seeds  at  least  a  month  before  the 
groimd  stops  freezing  at  night,  starting  them  in  a  moderatly  warm 
living  room  or  greenhouse.  For  general  outdoor  planting  the  seeds 
may  be  sown  about  five  or  six  weeks  before  the  last  frost  either  in  a 
living  room,  hotbed,  or  greenhouse.  Soak  the  seeds  a  few  hours  in 
tepid  water  and  sow  in  seed  boxes  filled  with  light  rich  soil;  cover 
one- fourth  of  an  inch  deep,  press  down  firmly,  and  water  sparingly. 
When  the  seedlings  are  about  an  inch  high  transplant  them  into  other 
boxes,  placing  the  young  plants  2  or  3  inches  apart  each  way.  If 
thumb  pots  are  available,  use  these  in  place  of  boxes.     When  all 

^*  Tagetes  eignata  pumila  Hort. 

^  Verbena  chamaedryfoHa  Juss.,   V.  phlogiflora  Cliam.,   V.   teucrioidea  (iill.  and  ilook^ 
V.  incisa  Hook. 


Digiti 


zed  by  Google 


Growing  Annual  Flowering  Plants.  75 

danger  of  frost  is  past  choose  a  bright,  sunny  situation  in  which  to 
plant  them.  Make  the  soil  rich  and  compact  rather  than  light,  but 
in  all  cases  provide  good  drainage.  Set  the  young  plants  10  to  15 
inches  apart  each  way  and  give  good  cultivation  until  they  cover  the 
ground.  With  such  treatment  the  verbena  should  give  continuous 
bloom  from  early  summer  until  killed  by  frost. 

Farget-Tne-not. — ^The  dainty  little  blue  flowers  commonly  known 
as  forget-me-nots^*^  (Myosotis)  are  hardy  perennials  that  love  cool, 
moist  soils  and,  like  pansies,  bloom  most  freely  in  fall  and  early 
spring.  There  is  also  an  annual  species,  with  several  varieties.  They 
make  a  satisfactory  close  border  (fig.  66),  the  beauty  of  which  is 


^^f^'^^-  ono^  bloving  been  introduced 

into  a  garden,  it  perpetuates  itself  froox  year  to  year  by  self- 
seeding,  like  the  poppy,  portulaca,  %im)  several  other  desirable 
annuals.  Sow  the  seeds  in  spring  ij^  %  warm,  aunny  border,  or 
in  the  South  in  late  summer  for  winter  bloom.  Most  varieties 
bloom  freely  the  first  season  and  profusely  the  second  year  if  in 
a  sufficiently  cool,  moist  place.  The  average  height  of  the  plants  is 
6  inches.    They  do  not  succeed  m  well  in  dry,  sunny  situations. 

*^  MyosotUi  90otp{oUle8  L.    (J/,  p^iu^tris).  r^r^r^^]r^ 
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PLANTS  FOR  SPECIAL  SOILS  OR  CONDITIONS. 

Some  plants  which  are  desirable  for  special  conditions  are  specified 
in  the  following  lists: 

For  bright  sunshine  with  plenty  of  fertility  and  moisture:  Over  4  feet  Id^ 
castor-bean,  cosmos,  sunflower,  sorghum,  feterita,  milo,  and  Indian  com;  over 
3  feet,  Joseph*s-coat,  love-lies-bleeding,  plumed  cockscomb,  orange  sunflower, 
prince's-feather,  spiderflower,  and  summer  cypress ;  30  inches,  cornflower,  lark- 
spur, mourning  bride,  scarlet  sage,  strawflower,  and  zinnia;  24  inches,  balsam, 
calliopsis,  China  aster,  summer  chrysanthemum,  cockscomb,  coneflower,  fbiu*- 
o*clock,  gaillardla,  African  marigold,  platycodon,  poppy,  salpiglosslSk  snap- 
dragon, and  snow-on-the-mountain ;  18  inches.  Job*s-tears,  mignonette,  and 
stock ;  12  inches,  calendula,  California  poppy,  calliopsis,  candytuft,  French  mari- 
gold, petunia,  Drummond  phlox,  pink,  and  Iceland  poppy;  under  12  indies, 
ageratum,  cockscomb,  lobelia,  portulaca,  sweet  alyssum,  and  verbena. 

Of  easiest  culture  under  ordinary  garden  conditions :  Over  4  feet,  sunflower ; 
about  3  feet,  Joseph's-coat,  love-lies-bleeding,  heliopsis,  and  prince's-featha-; 
about  30  inches,  cornflower,  strawflower,  and  zinnia ;  about  24  inches,  calliopsis. 
summer  chrysanthemum,  coneflower,  gaillardla,  marigold,  poppy,  and  snow-on- 
the-mountain;  about  18  inches,  mignonette;  about  12  inches.  Cape  marigold, 
calendula,  California  poppy,  balsam,  candytuft,  petunia,  Drummond  phlox,  pink, 
dwarf  nasturtium,  portulaca,  and  sweet  alyssum. 

On  light  fertile  soil :  Gaillardla,  marigold,  Drummond  phlox,  and  portulaca. 

On  light  soil,  not  too  rich :  Cockscomb  and  feather  cockscomb. 

On  poor  soli  •  Love-lies-bleeding,  prince's-feather,  Joseph*s-coat,  Cape  mari- 
gold, godetia,  d\/arf  nasturtium,  portulaca,  Scotch  pink,  sweet  alyssum,  garden 
balsam,  and  calliopsis. 

On  lands  near  the  seacoast :  Plants  from  the  three  foregoing  lists,  depending 
on  the  fertility  of  the  soil,  together  with  the  castor-bean,  sunflower,  heliopsis, 
spiderflower,  cornflower,  straMrflower,  zinnia,  calliopsis,  snow-on-the-mountain, 
four-o'clock,  stock,  calendula,  California  poppy,  petunia,  and  sweet  alyssum. 

In  partial  shade:  Basketflower,  sweet-sultan,  darkia,  platycodon,  godetia. 
Drummond  phlox,  pansy,  sweet  alyssum,  lupine,  and  forget-me-not. 

Especially  responding  to  rich  soil;  Castor-bean,  scarlet  sage,  balsam,  and 
China  aster. 

To  cut  for  everlastings:  Rose  everlasting,  feathered  cockscomb,  globe  ama- 
ranth, and  strawflower. 

Not  adapted  to  the  South  except  for  late  fall  and  early  spring:  Salpiglossis. 
pansy,  and  forget-me-not. 

Plants  that  can  be  started  to  advantage  in  hotbeds  and  coldframes  for  early 
flowering,  whether  they  are  to  be  used  for  bedding  purposes  or  for  cut  flowers : 
Ageratum,  China  aster,  callioi)sis.  castor-bean,  calendula,  cosmos,  cockscomb, 
chrysanthemum,  godetia,  lobelia,  marigold,  petunia,  Scotch  pink,  scarlet  »Lge, 
spiderflower,  and  verbenla.    ' 

Some  plants  that  ma)r  be  sown  in  beds  in  the  open  ground  and  later  trans- 
planted to  their  permanent  locations  are  the  ageratum,  calendula,  calliopsis, 
China  aster,  clarkla,  cockscomb,  dahlia,  gaillardla,  godetia,  lobelia,  mignonette, 
pansy,  pink,  snapdragon,  spiderflower,  stock,  and  zinnia. 

Among  those  that  should  be  sown  early  In  that  way  are  the  alyssum,  Califor- 
nia poppy,  candytuft,  cornflower,  forget-me-not,  mignonette,  nanophlla,  Drum- 
mond phlox,  sunflower,  poppy,  and  sweet  alyssum. 

Most  of  these  may  bd  sown  earlier  in  a  hotbed  or  coldframe  and  thus  be  ] 
to  bloom  earlier. 
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Some  should  be  sown  in  the  open  ground  where  the  plants  are  to  grow. 
Among  those  that  should  be  sown  late  in  this  manner  after  the  ground  is  warm 
are  the  castor-bean,  sorghum,  mllo,  feterita,  Indian  com,  garden  balsam,  portu- 
laca,  and  four-o*clock. 

For  August  and  S^tember  sowing:  Forget-me-not,  pansy,  cornflower,  pink, 
and  snapdragon. 

Seeds  that  may  be  sown  on  well-prepared  ground  just  before  winter  for  early 
spring  germination  or  on  fall-prepared  ground  very  early  in  the  spring  while 
the  soil  still  freezes  at  night  are  the  poppy,  cornflower,  cosmos,  summer 
cypress,  larkspur,  snapdragon,  snow-on-the-mountain,  and  sweet  alyssum. 

Flowers  that  are  white  or  with  pure  white  varieties :  4  feet,  cosmos ;  3  feet, 
dahlia  and  sweet-sultan;  21  feet,  clarkia,  cornflower,  larkspur,  and  scabiosa; 
2  feet,  baby's-breath,  China  aster,  summer  chrysanthemum,  lupine,  Japanese 
b^lflower,  snapdragon,  garden  balsam,  and  poppy ;  11  feet,  godetla,  four-o'clock, 
rose  everlasting,  and  stock;  1  foot,  candytuft,  Iceland  poppy,  petunia,  agera- 
tum,  lobelia,  portulaca,  sweet  alyssum,  and  verbena. 

Flowers  having  varieties  mixe<l  with  white:  8  feet,  dahlia;  2i  feet,  salpi- 
glossis;  1  foot,  nemophlla,  pansy,  petunia,  and  pink. 

Flowers  yellow  or  with  yellow  varieties:  4  feet,  sunflower,  feather  cocks- 
comb, and  dahlia;  2i  feet,  strawflower,  sunflower,  and  zinnia;  2  feet,  calliop- 
sis,  summer  chrysanthemum,  African  marigold,  snapdragon,  and  four-o*clock ; 
1  foot,  calendula,  Cape  marigold,  French  marigold,  Iceland  poppy,  California 
poppy,  dwarf  marigold,  and  portulaca. 

Flowers  having  varieties  mixed  with  yellow :  4  feet,  dahlia ;  2  feet,  calliopsis, 
rudbectda,  salpiglossis,  and  summer  chrysanthemum;  1)  feet,  four-o'clock; 
1  foot,  dwarf  nasturtium  and  pansy. 

Flowers  of  orange  color  or  with  orange  varieties:  8  feet,  heliopsis;  21  feet, 
zinnia;  2  feet,  African  marigold;  1  foot,  calendula,  Cape  marigold,  French 
marigold,  and  California  ix)ppy. 

Blowers  having  varieties  mixed  with  orange :  2  feet,  gaillardiu ;  1  foot,  dwarf 
nasturtium  and  French  marigold. 

Flowers  lavender  or  with  lavender  varieties :  3  feet,  basketflower  and  sweet- 
sultan  ;  21  feet,  larkspur ;  2  feet,  China  aster ;  11  feet,  candytuft ;  1  foot,  Druni- 
mond  phlox,  nemophlla,  and  pansy. 

Flowers  having  varieties  mixed  with  lavender:  21  feet,  salpiglossis;  1  foot, 
pansy. 

Flowers  blue  or  with  blue  varieties :  21  feet,  cornflower  and  larlispur ;  2  feet, 
lupine  and  Japanese  bellflower;  1  foot,  nemophlla,  ageratum,  lobelia,  verbena. 
and  forget-me-not 

Flowers  purple  or  with  purple  varieties :  3  feet,  sweet-sultan ;  21  feet,  clarkia 
and  scabiosa;  2  feet,  China  aster;  11  feet,  stock;  1  foot,  verbena. 

Flowers  having  varieties  mixed  with  purple:  21  feet,  salpiglossis;  1  foot, 
pansy. 

Flowers  pink  or  with  pink  varieties :  4  feet,  cosmos ;  3  feet,  dahlia ;  21  feet, 
larkspur  and  zinnia;  2  feet,  China  aster,  garden  balsam,  and  poppy;  11  feet, 
rose  everlasting;  1  foot,  Drummond  phlox,  pinkn  (including  carnations), 
portulaca,  and  verbena. 

Flowers  having  varieties  mixed  with  pink:  3  feet,  dahlia;  1  foot,  pinks  (in- 
cluding carnations). 

Flowers  salmon  oj;  with  salmon  varieties :  3  feet,  dahlia ;  21  feet,  clarkia ;  2 
feet,  snapdragon  and  poppy ;  1  foot,  Drummond  phlox. 

Flowers  having  varieties  mixed  with  salmon  pink :  3  feet,  dahlia ;  1  foot, 
Drummond  phlox. 
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Flowers  scarlet  or  with  scarlet  varieties :  3  feet,  dahlia ;  2i  feet,  scarlet  sage 
and  zinnia;  2  feet,  snapdragon,  poppy,  and  four-o'clock;  1  foot.  Drommond 
phlox,  pinks  (including  carnations),  dwarf  nasturtium,  portulaca.  and  rerbm. 

Flowers  having  varieties  mixed  with  scarlet :  3  feet,  dahlia ;  2  feet,  snap- 
dragon and  poppy;  1  foot,  Drummond  phlox,  pinks  (Including  carnations),  and 
dwarf  nasturtium. 

Blowers  rose  or  crimson  or  with  rose  or  crimson  varieties:  4  feet,  cosmos: 
3  feet,  prince's-feather,  feather  cockscomb,  sweet-sultan,  and  spiderflower;  2j 
feet,  clarkia,  cornflower,  scabiosa,  and  zinnia;  2  feet,  garden  balsam,  China 
aster,  cockscomb,  and  lupine;  1\  feet,  godetla,  four-o'clock,  globe  amaranth, 
stock,  and  candytuft ;  1  foot,  Drummond  phlox,  petunia,  and  portulaca. 

Flowers  having  varieties  mixed  with  rose  or  crimson:  1  foot,  Drummood 
phlox  and  petunia. 

Plants  used  for  their  foliage  or  chiefly  for  it,  the  foliage  being  green  un]^ 
otherwise  noted:  4  feet,  castor-bean  (bronze  and  green  separate),  sorghiun. 
feterita,  milo,  broom  com,  and  Indian  com;  3  feet,  Joseph's-coat  (red,  yellow. 
and  green  mixed),  love-lies-bleeding  (red), summer  cypress  (pea  green,  tmning 
crimson  in  late  summer)  ;  2\  feet,  annual  polnsettla  (scarlet  leaves  in  late  snm* 
mer)  and  snow-on-the-mountaln  (white-edged  leaves)  ;  1\  feet,  Job's-tears;  1 
foot,  mignonette  (a  greenish  flower  grown  for  Its  sweet  odor,  but  In  its  garden 
decorative  value  comparable  to  a  plant  grown  for  its  foliage). 
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ANNUAL  FLOWERING  PLANTS  are  useful  for 
quick  though  temporary  effects  and  for  flowers 
at  a  season  of  the  year  when  blossoms  on  permanent 
plants  are  scarce. 

Such  plants  in  clumps  in  bays  or  pockets  among 
shrubs  or  between  herbaceous  perennials  make  the 
beds  and  borders  bright  with  bloom  at  a  time  when 
they  might  otherwise  be  dull  and  uninteresting. 

Their  quick  growth  makes  them  valuable  in  pro- 
viding either  foliage  or  flowers  to  fill  temporary  gaps 
in  permanent  plantings  or  to  give  a  temporary  effect 
where  such  planting  does  not  exist.  Several  grow  to 
a  height  of  6  feet  or  more,  others  hardly  more  than 
as  many  inches,  while  many  are  of  intermediate 
height  and  show  great  variations  in  their  habits  of 
growth  and  in  the  color  and  character  of  their 
foliage. 

Most  of  these  annual  plants  are  also  valuable  for 
supplying  cut  flowers  for  indoor  decoration.  They 
are  of  easy  culture,  profuse  in  bloom,  have  bright 
colors,  and  lend  themselves  readily  to  decoratiye 
arrangement. 

Some  of  them  can  be  sown  in  the  open  ground  in 
the  fall  or  in  the  early  spring  before  freezing  weather 
is  past;  others  must  be  kept  away  from  frost  at  all 
times.  Some  need  to  be  sown  where  they  are  to 
bloom;  others  thrive  better  when  transplanted  one 
or  more  times.  There  are  also  differences  in  the 
kinds  and  conditions  of  soil,  moisture,  and  light  in 
which  they  will  thrive  best. 

Coldframes  and  hotbeds  are  helpful  in  starting 
many  of  these  plants,  and  for  some  of  them  they 
are  essential  to  success,  at  least  in  the  colder  cli- 
mates, if  living-room  windows  or  greenhouses  are 
not  available. 


Washington,  D.  C.  Issued  February.  1921 

Revised  October,  1929 
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USES  OF  FLOWERING  PLANTS 

WHEN  THE  NEED  for  food,  clothing,  and  shelter  is  reason- 
ably satisfied,  every  human  being,  whether  civilized  or  savage, 
begins  to  surround  himself  or  herself  with  those  things  that  please 
the  eye.  In  addition,  many  people  delight  in  the  experience  of  mak- 
ing things  grow.  As  a  result  of  these  impulses  American  home 
makers  as  a  rule  try  to  beautify  the  yards  under  their  care. 

The  most  permanent  and  satisfying  results  are  usually  those  ob- 
tained by  a  lawn  as  a  foundation,  with  trees  making  a  frame  for 
the  house  and  giving  grateful  shade,  accompanied  by  shrubs  and 
permanent  flowers  to  round  olBF  the  corners  and  give  an  air  of 
naturalness  and  homelikeness.  In  such  a  development  there  mav  be 
lacking  during  part  of  the  season  the  brightness  contributed  by 
conspicuous  flowers.  Often  this  may  be  supplied  by  using  annual 
flowering  plants  among  the  more  permanent  material,  as  most  of 
them  are  gay  with  flowers  at  a  season  when  most  shrubs  and  peren- 
nials are  not  in  bloom.  When  permanent  plantings,  especially  shrub- 
bery beds^  are  newly  set,  they  often  look  thin  and  ragged.  Here, 
again,  interplantings*  of  annuals  (fig.  1)  mav  be  helpful,  by  filling 
the  otherwise  bare  spaces  with  attractive  Joliage  or  with  bright 
flowers  or  both. 

Again,  annual  plants  are  useful  on  rented  places  where  the  tenant 
would  seldom  go  to  the  expense  of  more  permanent  planting.  They 
are  quickly,  easily,  and  cheaplv  grown,  and  their  range  of  size  and 
other  characters  makes  it  possible  to  secure  temporarily  many  of  the 


Digiti 


zed  by  Google 


FARMERS'   BULLETIN    1171 


effects  produced  by  the  use  of  shrubs.  (Fiff.  2.)  These  results  may 
be  obtained  more  quickly  than  with  shruDs,  out  they  are  transient,  as 
the  first  frost  or  at  least  the  first  freeze  obliterates  all  their  effect, 
and  the  winter  appearance  is  as  bare  and  bleak  as  though  nothing  had 
been  done.  Such  temporary  planting  should  not  be  relied,  upon 
when  conditions  will  at  all  warrant  the  use  of  more  permanent  ma- 
terial, but  it  should  certainly  be  encouraged  where  planting  for 
winter  as  well  as  sunmier  effect  is  not  possible. 

The  tall-growing  full-foliage  plants,  like  tall  castor-beans,  sun- 
flowers, and  the  sorghums,  when  massed  against  buildings,  fences, 
or    in    front    of    other   obtrusive    objects    or   objectionable   views, 

serve  as  attractire 
and  efficient  tempo- 
rary screens.  Slod- 
erate-growing  broad- 
leaved  plants,  such 
as  the  dwarf  castor- 
bean,  can  be  used 
with  advantage  as 
screens  for  drive- 
ways or  walks  by 
placing  a  mass  of 
the  plants  in  the  bay 
of  the  walk  or  drive. 
Lower  growing 
plants  when  massed 
a,gainst  a  back- 
ground of  t  a  1 1  er 
growing  annuals  or 
shrubs,  either  against 
buildings  or  on 
boundaries,  are  more 
effectivie  than  when 
used  in  beds  in  the 
open  lawn.  The  for- 
mal bed,  in  the  shape 
of  an  oval,  circle,  or 
star,  in  the  center  of 
a  lawn  is  generally 
more  obtrusive  than 
pleasing. 
When    annual 

f)lants  are  desired  for 
^  ^  _       ^  ant  them  in  an  area 

set  apart  as  a  flower  garden  or  to  devote  a  portion  of  the  vegetable 
garden  to  the  purpose.  When  grown  for  cut  blooms  only,  the  most 
satisfactory  and  economical  plan  is  to  plant  them  in  long  rows,  with 
ample  space  between  the  rows  and  the  individuals  in  the  rows. 
Unless  the  plants  are  given  sufficient  room  for  full  development,  the 
flowers  that  they  produce  will  be  inferior  in  size  and  form.  To  get 
the  best  results  from  plants  to  be  used  in  this  way,  rich  soil,  ample 
space,  and  good  culture  are  essential.  They  may  be  grown  with 
horse  cultivation  as  vegetables  are  grown. 


FiGUUE    1.- 


-Annual  plants  used  araoog  shrubs  for  a  tem- 
porary effect 
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If  the  flower  garden  is  a  distinct  feature  of  the  place  and  its  mis- 
sion is  to  furnish  an  attractive  retreat,  or  a  retreat  and  cut  flowers, 
its  general  plan  may  be  more  pretentious ;  the  straight  rows  may  give 
place  to  irregular  groups  or  masses,  or  even  to  formal  beds  and  de- 
signs, so  long  as  these  are  not  made  the  leading  feature  in  the  general 
adornment  of  the  grounds.    In  fact,  such  a  garden  should  be  more  or 
less  inclosed  from  the  rest  of  the  grounds  by  oorder  plantings.    These 
need  not  be  over  3  feet  high,  or  they  may  be  of  the  tallest  growing 
kinds.    The  design  within  the  garden  may  be  either  formal  or  in- 
formal, with  beds  and  walks  of  formal  geometrical  designs  of  either 
straight  or  curved  lines,  or  both ;  or  they  may  be  irregular  in  the 
extreme  with  no  set  design.     If  the  walks  and  beds  are  laid  out  in  a 
formal  fashion  the  plantings  may  be  made  in  geometrical  designs,  as 
carpet  bedding,  if  desired,  or  the  design  may  be  strictly  irregular  or 
informal.    In  the  in- 
formal garden  only 
irregular   or    infor- 
mal planting  is  ap- 
propriate.    A  piece 
of  ground  irregular 
in  outline  or  rough 
and  uneven  in  sur- 
face   lends    itself 
more  readily  to  the 
informal     garden 
than  to  the  formal. 
The  paths  in  such  a 
garden  can  be  irreg- 
ularly  curving   and 
can  be  made  to  pre- 
sent endless   oppor- 
tunities for  exhibit- 
ing plant  character- 
istics.     On    level 
ground  with  a  regu- 

!«*-    ^,i^i;-rko.    *V.«>    ^^«        FiGUBH  2. — Annual  flowers  used  instead  of  more  permanent 
lar    OUlime   tne    lOr-  material  as  the  setting  for  a  house 

msl  ^rden  is  ap- 
propriate and  often  the  simplest  to  develop.  By  adopting  the  in- 
formal method  of  planting,  however,  the  formal  garden  can  be 
made  to  present  anything  but  a  stiff  and  formal  effect.  If  the  gar- 
den is  to  DC  permanent,  the  walks  should  be  of  a  permanent  and  sat- 
isfactory material.  Turf  is  probably  the  most  generally  satisfactory 
^walk  surface  as  well  as  the  most  economical.  Brick,  stepping  stones, 
and  gravel  are  also  desirable  under  some  conditions. 

If  a  fixed  design  is  adopted,  the  soil  in  various  areas  of  the  garden 
cnay  be  modified  by  the  addition  of  sand,  muck,  or  clay  and  by  the 
use  of  plant  foods  to  adapt  particular  areas  to  the  needs  of  special 
slants.  Those  that  enjoy  a  dry,  sandy  soil  can  be  provided  for, 
cviiile  those  that  thrive  best  in  a  heavy  soil  can  also  be  accommo- 
Jaled.  If,  on  the  other  hand,  a  less  formal  and  fixed  character  in  the 
^rarden  seems  desirable,  the  whole  area  may  be  annually  spaded  or 
^lo-wed  up,  the  walks  given  a  new  course,  and  the  general  scheme 
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of  planting  changed.  Such  an  arrangement  will  give  variety  and 
novelty  to  the  garden  and  for  most  purposes  will  prove  quite  as 
successful  as  the  more  permanent  arrangement.  During  wet  periods, 
unless  the  soil  is  of  a  sandy  character,  the  lack  of  an  improved  walk 
surface  will  prove  a  disadvantage. 

Often  annual  plants  can  be  used  appropriately  on  the  grounds 
about  public  buildings  and  in  parks.     Frequently  the  design  of  such 

grounds  demands  formal  plantings,  and  many  of  the  annual  plants 
jnd  themselves  admirably  to  such  use. 

GENERAL   CULTURAL  SUGGESTIONS 
PREPARATION  OP  THE  SOIL 

Soil  for  the  growing  of  annual  plants  needs  to  be  well  supplied 
with  available  plant  food  and  should  be  reasonably  retentive  of 
moisture,  though  well  drained.  In  short,  because  the  plants  make  a 
quick  growth  they  must  be  provided  with  good  growing  conditions 
in  order  to  enable  them  to  make  that  growth.  Among  these  plants^ 
however,  there  is  a  great  difference  in  the  requirements. 

The  best  soil  for  most  of  these  plants  is  a  light,  rich  loam  well 
supplied  with  rotted  manure.  A  subsoil  taken  from  the  bottom  of  a 
cellar  in  excavating  for  a  house  is  not  suitable  material  upon  which 
to  depend  as  a  satisfactory  foundation  for  a  flower  bed.  Where  the 
soil  is  not  naturally  of  the  desired  character,  often  much  mav  be  done 
to  modify  small  areas  to  make  them  ideal  for  the  culture  or  annuals. 
If  the  soil  is  thin  and  poor,  a  bed  2  feet  deep  can  be  excavated  and 
filled  with  soil  specially  prepared  for  the  plants  it  is  intended  to  grow. 
More  clay  can  be  used  in  the  soil  for  plants  requiring  heaw  soil  and 
more  sand  and  leaf  mold  in  the  soil  for  plants  requiring  ligliter  soils. 

An  ideal  soil  for  general  purposes  can  be  made  from  sods  of  blue- 
grass  from  a  rather  heavy  clay  loam  rotted  for  a  year,  then  mixed 
with  equal  quantities  of  rotted  manure,  leaf  mold,  and  sand.  The 
manure  and  sod  can  be  rotted  together  for  a  year,  if  just  as  con- 
venient. A  specially  prepared  soil  of  this  kind  will  probably  not 
be  benefited  much  by  another  coat  of  manure  the  second  year,  but 
after  that  it  should  have  annual  dressings.  Where  good  garden  soil 
or  other  rich  soil  of  suitable  texture  is  available,  probably  the  more 
common  practice  is  to  make  the  bed  of  suitable  depth  and  fill  it  with 
this  soil  well  enriched  with  rotted  manure.  For  permanent  beds  a 
careful  preparation  with  good  soil  of  proper  texture  is  well  worth 
the  effort. 

If  for  any  reason  such  thorough  preparation  is  not  considered 
advisable,  as  on  a  place  that  may  not  be  used  for  more  than  a  year  or 
two  or  on  rented  property  where  the  tenure  is  regarded  as  com- 

Earatively  temporary,  the  attempt  to  have  annual  flowers  should  not 
e  abandoned,  as  even  with  much  less  preparation  results  may  he 
obtained  that  are  well  worth  the  effort  if  the  kinds  of  flowers  grown 
are  selected  with  consideration  of  the  conditions  that  prevail. 

Rotted  manure,  hen  manure,  prepared  sheep  or  cow  manure  (ob- 
tainable from  dealers  in  agricultura)  supplies),  cottonseed  meal,  bone 
meal,  or  some  similar  organic  manure,  however,  is  almost  essential  to 
success.     The  value  of  these  fertilizers  is  about  in  the  order  named. 
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There  should  be  as  much  rotted  cow  manure,  or  even  rotted  horse 
manure,  worked  into  the  soil  as  can  be  done  reasonably.  Less  hen 
manure  should  be  used,  as  it  is  several  times  richer  than  cow  or  horse 
manure.  The  prepared  cow  and  sheep  manure  can  be  used  at  the 
rate  of  1  pound  for  3  square  feet,  and  the  cottonseed  meal  and  bone 
meal  at  the  rate  of  1  pound  for  5  square  feet.  A^l  these  materials 
should  be  thoroughly  worked  into  the  soil.  They  will  not  bring 
satisfactory  results,  however,  unless  the  ground  is  reasonably  good 
to  start  with,  especially  as  to  texture. 

When  larger  areas  are  used  for  flowers,  as  in  a  special  garden  that 
can  be  handled  with  a  plow,  like  a  ^arge  vegetable  garden  or  part 
of  the  vegetable  garden,  soil-improvement  crops,  like  crimson  clover 
and  vetch  .in  winter  or  cowpeas  in  summer,  may  be  used  to  enrich 
the  soil  and  thus  prepare  it  for  another  season's  crops.  It  is  possible 
sometimes  to  adapt  some  of  these  soil-improvement  crops  to  the 
smaller  areas  of  flower  beds^  although  it  is  seldom  advisable,  as  the 
limited  quantity  of  ferti^izmg  materials  usually  needed  can  ordi- 
narily be  provided. 

WATER 

A  proper  water  supply  is  essential.  The  provision  of  a  deep  soil 
of  proper  texture  well  enriched  with  organic  manure  makes  a  water- 
fa  o  1  d  i  n  g  reservoir 


A^mtW  J»/ 


that  acts  something 
like  a  sponge  in  its 
ability  to  supply 
water  for  the  plants. 
Such  a  soil  will  ab- 
sorb a  large  amount 
of    water    whenever 

P      ..  J        'ii   "!:  FiouBB  8. — A  bed  specially  prepared  for  plant  growth  where 

tunity  and  will  give  the  normal  drainage  is  inadequate 

it     up     readily     to 

the  plants  as  it  is  needed.    On  the  other  hand,  provision  must  be 

made  so  that  when  such  a  soil  has  absorbed  all  that  it  is  capable  of 

Sroperly  holding,  the  surplus  will  drain  away.  If  the  surplus  water 
oes  not  naturally  pass  away  freeljr,  then  artificial  drainage  must 
be  provided.  In  poorlv  drained  soils,  beds  specially  prepared,  as 
already  described,  should  be  excfivated  3  feet  deep  instead  of  2  feet, 
and  in  the  bottom  a  layer  of  stone  should  be  placed,  covered  by  in- 
verted sods,  which  in  turn  should  be  covered  by  2  feet  of  soil.  (Fig. 
3.)  This  layer  of  drainage  should  be  given  some  suitable  outlet 
to  carry  off  any  water  that  might  otherwise  collect  in  it.  This  would 
preferablv  be  by  a  drainpipe  taken  to  a  sewer  or  to  some  suitable 
outlet.  A  stone  drain  may  be  used,  but  it  is  likely  to  become  clogged. 
Throughout  much  of  the  United  States  the  natural  rainfall  on  a 
bed  well  prepared,  as  already  described,  would  be  sufficient  in  most 
seasons.  Beds  close  to  a  house,  so  that  much  of  the  rain  is  kept  off 
by  the  building,  need  to  have  the  natural  rainfall  supplemented  by 
occasional  waterings.  Irrigation  is  necessary  in  dry  climates  and 
also  in  moist  climates  in  unusually  dry  seasons,  also  on  sandy  or  other 
unusually  dry  soils.  The  amount  and  frequency  of  watering  will 
depend  upon  the  dryness  both  of  the  atmosphere  and  of  the  soil. 
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A  well-prepared  retentive  soil  2  feet  deep  would,  probably  not  re- 

3uire  watering  oftener  than  once  a  week,  except  possibly  in  the 
riest  parts  of  the  country,  where  the  evaporation  is  excessive. 
Gravelly  or  sandy  soils,  especially  if  not  well  provided  with  organic 
matter,  may  require  a  thorough  watering  every  other  day.  The 
watering  should  be  done  as  infrequently  as  the  soil  and  the  climatic 
conditions  will  permit.  Only  experience  can  teach  the  best  method 
Too  frequent  watering  is  as  bad  as  too  long  an  interval  between 
waterings.  If  watered  too  often  the  surface  soil  is  kept  moist  and 
the  root  growth  is  encouraged  near  the  surface.  A  day's  neglect 
or  unusual  drying  conditions  will  dry  the  feeding  ground  of  the 
roots  and  kill  them.  But  if  the  roots  are  required  to  go  deeper  by 
permitting  the  surface  to  become  dry  for  2  or  3  inches  between  water- 
mgs,  there  will  be  less  dan^r  of  unfortunate  results  from  unusual 
conditions  or  a  slight  deviation  from  the  regular  schedule  of  watering. 

STARTING  THE  PLANTS 

Ornamental  annual  plants  can  be  started  readily  from  seed  in  the 
spring  and  will  give  bloom  or  satisfactorv  foliage  effects  the  same 
season.  Nearly  all  of  these  can  be  started  in  the  open  ground  over 
at  least  a  large  part  of  the  United  States,  and  will  give  the  desired 
results  before  they  are  cut  off  by  frost.  In  order  to  get  a  longer 
season  of  effect  from  the  plants  many  of  them  are  usually  started 
under  glass,  or  early  plantings  are  started  that  way.  In  the  more 
northern  sections  of  the  country  some  kinds  must  be  started  in  this 
way  in  order  to  have  a  season  long  enough  to  mature;  others  so 
that  they  may  become  established  before  the  coming  of  dry  or  hoi 
weather,  which  would  be  injurious  to  the  young  plants  but  would 
not  affect  established  ones. 

Seed  sowing  and  germination. — All  of  the  plants  mentioned  in 
this  bulletin  can  be  propagated  from  seed.  In  some  cases,  however, 
the  seeds  require  special  care  in  order  to  insure  a  good  stand  of 
plants,  and  it  is  for  that  reason  that  the  particular  methods  neces- 
sary for  that  purpose  are  described. 

A  few  of  these  plants  must  be  sown  where  they  are  to  mature,  as 
they  will  not  stand  being  moved.  Many  may  be  sown  where  they 
are  to  grow,  though  most  of  them  are  helped  by  one  or  two  trans- 
plantings.  Because  better  plants  are  obtained,  by  transplanting, 
most  annuals  are  sown  in  seed  beds  and  moved  to  their  permanent 
places.  Such  seed  beds  should  be  in  well-prepared  mellow  soiL 
preferably  somewhat  protected  from  drying  winds.  If  the  soil  is 
not  mellow,  the  seedlings,  especially  from  the  smaller  seeds,  will  have 
trouble  breaking  through  any  crust  that  may  form,  especially  if 
moisture  conditions  are  not  exactly  right.  Protection  from  winds 
also  helps  to  maintain  uniform  moisture  conditions.  The  timely 
use  of  a  watering  can  is  often  a  great  help  in  promoting  ffermi nation, 
but  care  should  be  taken  not  to  use  it  too  much.  Seed  beds  require 
frequent  light  waterings  rather  than  the  infrequent  drenchings  best 
suited  to  more  mature  plants. 

Seeds  may  be  sown  either  broadcast  or  in  rows.  The  inexperienced 
gardener  should  plant  seeds  in  rows,  especially  slow-germinating 
seeds,  as  quick-starting  weeds  may  be  more  readily  reco^zed  and 
removed   with   less   danger  of   disturbing  the   germinating    seeds 
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Weeds  starting  near  the  seed  row  may  be  removed  at  once  with 
ffreat  care  or  may  be  left  until  the  seedlings  are  well  sprouted.  The 
uat^  of  sowing  the  different  kinds  of  seeds  will  be  mentioned  under 
the  respective  headings  in  connection  with  the  discussion  of  other 
special  cultural  requirements. 

The  germination  of  seeds  depends  upon  a  proper  degree  of  heat, 
moisture,  and  oxygen  from  the  air.  Some  seeds  germinate  best  under 
a  high  temperature  (80°  to  90°  F.),  while  others  do  best  at  a  low 
temperature  (40°  to  60°  F.).  For  most  seeds,  however,  a  soil  tem- 
perature of  65°  to  70°  F.  with  an  air  tenaperature  of  60°  F.  will 
prove  very  satisfactory  for  germination.  Strange  as  it  may  seem, 
nature  maintains  conditions  during  the  early  part  of  the  growing 
season  approximating  those  above  specified.  J3ut  naturally  the  high 
temperatures  are  much  later  in  the  season  than  the  low  ones.  In 
order  to  obtain  the  higher  temperatures  early  in  the  season  a  green- 
house, hotbed,  coldframe,  or  a  sunny  kitchen  window  must  be  used. 
Seeds  in  most  cases  grow  best  when  the  moisture  in  the  soil  is 
slight  rather  than  excessive.  A  good  test  for  moisture  is  to  take  a 
handful  of  soil  and  compact  it  gently  in  the  palm  of  the  hand  by 
closing  the  fingers.  If  when  released  the  soil  remains  solid  and 
retains  the  impressions  of  the  hand,  it  is  too  wet;  but  if  when  re- 
leased it  springs  back  and  slowly  crumbles  or  parts,  it  is  in  ideal 
condition  for  seed  sowing.  Such  soil  is  well  aerated,  while  the 
soil  containing  an  excess  of  moisture  has  the  air  largely  replaced 
by  water. 

The  seed  bed  should  be  carefully  guarded  against  extremes  of 
moisture.  It  should  not  be  allowed  to  get  too  wet  and  remain  in 
that  condition  for  any  length  of  time;  neither  should  it  be  allowed 
to  get  too  dry.  In  the  open  these  conditions  are  not  likely  to  occur 
during  a  normal  season.  However,  there  are  frequent  exceptions. 
If  the  seed  bed  is  too  wet,  little  can  be  done  to  overcome  the  bad 
results,  but  if  drought  occurs  irrigation  will  remedy  the  evil.  Under 
artificial  conditions,  such  as  are  obtained  in  a  greenhouse,  hotbed, 
or  coldframe,  the  moisture  content  of  the  soil  of  the  seed  bed  can  be 
very  carefully  controlled.  The  confined  atmosphere  of  such  a 
structure  prevents  rapid  or  excessive  evaporation,  while  any  loss  of 
moisture  from  the  soil  can  be  made  good  by  watering.  On  a  small 
scale  the  same  results  can  be  approached  by  placing  a  pane  of  glass 
over  the  receptacle  in  which  the  seeds  are  sown. 

Slight  variations  in  the  temperature  of  the  soil  in  which  seeds 
are  sown  are  usually  a  benefit  rather  than  a  hindrance  to  germina- 
tion. With  the  grasses  and  clovers  and  probably  with  practically 
all  other  plants,  germination  is  more  rapid  and  more  complete  in 
seeds  subjected  to  alternations  of  temperature  than  in  those  kept 
under  constant  temperatures.  Under  normal  conditions  the  warm- 
ing of  the  soil  during  the  day  and  the  cooling  at  night  furnish 
^sufficiently  wide  variations.  While  these  variations  are  less  easily 
controlled  than  the  variations  in  moisture,  yet  in  structures  such  as 
hotbeds  and  coldframes  the  change  from  day  to  night  temperature 
'will  be  perceptible. 

Seeds  in  order  to  germinate  promptly  must  be  placed  under  con- 
ditions that  will  enable  them  to  take  up  moisture  readily,  and  at 
the  same  time  they  must  have  a  temperature  that  will  be  congenial 
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to  the  young  plant  when  it  appears.  The  soil  is  the  medium  by 
which  heat  and  moisture,  under  normal  conditions,  are  transferred 
to  the  seed.  In  order  to  insure  a  quick  exchange  of  moisture  from 
the  soil  to  the  seed,  the  soil  should  be  carefully  firmed  or  compacted 
about  the  seed.  Bj  compacting  the  soil  about  the  seed  the  capillary 
power  of  the  soil  is  increased  and  the  soil  moisture  is  more  quickly 
brought  to  the  seed.  In  outdoor  operations  large  seeds  may  have 
the  soil  compacted  about  them  by  tramping  the  row  with  the  feet, 
while  fine  seeds  may  be  treated  by  resting  a  board  over  the  row  and 
walking  upon  it  from  end  to  end.  In  hotbeds,  greenhouses,  and 
coldf  rames  the  compacting  of  the  soil  is  usually  accomplished  by  the 
use  of  a  float,  which  consists  of  a  piece  of  board  about  6  inches  wide 
and  9  or  10  inches  long,  with  a  handle  attached,  as  shown  in  Figure  4. 
For  all  conditions  save  in  the  open,  seeds  may 
be  sown  in  seed  pans  or  in  flats,  as  shown  in 
Figure  6.  These  boxes  can  be  very  conveniently 
and  cheaply  made  from  the  pine  boxes  largely 
used  for  packing  canned  goods,  soap,  or  other 
merchandise,  usually  9  or  10  inches  deep,  which 
^^fl?Siini"the"?Su  ^^^  is  sufficient  to  permit  cutting  them  with  a  rip- 
saw into  three  sections,  each  about  3  inches  hi^ 
The  top  and  bottom  of  the  box  will  each  make  a  complete  flat,  while 
the  middle  section  will  be  a  frame  which  can  be  provided  with  a 
bottom  by  the  destruction  of  a  box  for  three  sections ;  i,  e.,  four  boxes 
will  furnish  nine  complete  flats  or  by  using  other  lumber  for  the 
bottom  of  the  middle  section  each  box  will  make  three  flats.  Seeds 
may  also  be  planted  directly  in  the  soil  of  the  hotbed,  coldframe,  or  in 
that  upon  the  greenhouse  bench  as  well  as  in  the  garden.  Here,  too, 
they  may  be  sown  broadcast,  but  it  is  preferable  to  sow  in  rows. 

tn  covering  seeds  the  rule  under  artifi- 
cial conditions  is  to  bury  the  seed  to  the 
depth  of  its  greatest  diameter,  while  out- 
doors they  are  usually  covered  about  three 
to  five  times  their  diameter.  With  seeds 
the  size  of  a  grain  of  wheat  it  is  safe  gen- 
erally to  plant  them  1  inch  deep,  and  for 
those  the  size   of  beans,  2  inches   deep.  fiodm  5.— a  flat 

Small  seeds,  the  size  of  those  of  petunia 

or  tobacco,  should  be  scattered  over  the  surface  and  the  soil  com- 
pacted witn  a  float. 

Transplanting. — ^The  young  seedling  plants  should  be  transplanted 
as  soon  as  the  first  true  leaves  are  formed,  so  that  they  will  stand 
at  some  distance  from  one  another.  Preliminary  to  transplanting, 
the  seed  bed  should  be  wetted  thoroughly  an  hour  or  so  before  dig- 
ging the  plants,  so  that  they  can  be  removed  from  the  soil  without 
breaking  the  roots.  The  beds,  flats,  or  pots  into  which  the  trans- 
planting is  to  be  done  are  previously  prepared  with  soil  that  is 
moist  but  not  wet;  that  is,  it  must  spring  apart  again  promptly 
if  squeezed  in  the  hand.  Holes  for  the  plants  are  satisfactorily 
made  with  a  short  stick  three-eighths  or  a  half  inch  in  diameter 
and  sharpened  at  one  end.  A  flat  stick  sharpened  at  one  end,  as 
for  example,  a  6-inch  pot  label,  makes  an  excellent  implement  for 
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digging  the  seedlings.  The  seedlings  should  be  carefully  loosened 
in  the  soil  so  that  they  may  be  lifted  out  with  any  soil  that  may 
possibly  adhere  to  the  roots,  then  be  placed  in  the  prepared  holes 
at  about  the  depth  they  were  before,  and  then  the  earth  should  be 
pressed  about  the  roots  firmly  but  gently.  A  frequent  practice  is 
to  dig  the  plant  with  the  right  hand,  lift  with  the  left  one,  and  press 
the  soil  about  the  roots  with  the  rignt  one.  Sometimes  the  pot  label 
is  used  to  open  the  holes  as  the  planting  is  being  done,  one  motion 
of  the  label  opening  the  hole  and  another  motion  pressing  the  soil 
about  the  roots  after  the  plant  is  placed  in  position. 

The  plants  should  be  thoroughly  but  carefully  watered  at  once  and 
then  should  be  kept  somewhat  shaded  until  root  contact  has  become 
reestablished.  Longer  shading  is  required  in  hot,  dry  weather  than 
in  cool,  partially  cloudy  weather.  In  dark,  cloudy  weather  shading 
may  often  be  omitted.  Watering  must  receive  especial  attention 
until  growth  starts. 

For  small,  rather  slow  growing  plants,  such  as  pansies,  1  inch 
apart  each  way  will  afford  ample  room;  with  most  plants  2  inches 
each  way  will  be  best;  but  with  robust  growing  plants,  like  the 
castor-bean,  4  inches  will  not  be  too  much.  With  such  vigorous 
growing  plants,  however,  it  is  best  to  place  the  seeds  directly  in  pots 
or  cans  in  order  to  prevent  disturbing  the  roots  of  the  young  seed- 
ling as  well  as  to  afford  them  ample  space.  If  ordinary  pots  are  not 
available,  paper  pots  may  be  obtained  cheaply,  or  old  strawberry 
boxes  may  be  used.  Transplanting  has  a  tendency  to  make  the 
plants  stocky  and  provides  opportunity  for  the  development  of  an 
extensive  root  system. 

HOTBEDS  AND  COLDPRAMBS 

The  pleasure  derived  from  floral  decorations  depends  not  only  upon 
the  perfection  of  the  flowers  but  upon  having  a  continuous  display 
throughout  the  season.  With  most  of  the  garden  annuals  early  bloom 
can  not  be  secured  if  seed  sowing  in  the  open  must  be  relied  upon 
exclusively.  Fortunately,  gardeners  have  devised  cheap  and  efficient 
means  of  lengthening  the  growing  season  several  weeks  by  the  use  of 
coldf rames  and  hotbeds.  In  the  latitude  of  Washington,  D.  C,  the 
time  of  sowing  seed  requiring  the  higher  temperatures  for  germi- 
nation can  be  advanced  from  May  1,  the  normal  date  of  sow- 
ing in  the  open,  to  March  1,  a  gain  of  two  months.  Seed  sown  in  a 
gentle  hotbed  at  this  date  will  give  plants  which,  if  properly  han- 
led,  will  forward  the  season  of  bloom  two  weeks  or  more. 

HOTBEDS 

Hotbeds  are  usually  constructed  in  one  or  the  other  of  the  following 
ways : 

Temporary  hotbeds. — A  temporary  hotbed  may  be  made  by  using 
fermenting  stable  manure  from  grain-fed  horses,  preferably  that 
with  a  small  quantity  of  straw  or  litter  in  it.  The  manure  should 
be  placed  in  a  oroad,  flat  heap  and  thoroughly  compacted  by  tramp- 
ing. A  heap  8  or  9  feet  wide  and  any  multiple  of  3  feet  in  length, 
with  the  manure  14  to  16  inches  deep,  will  give  sufficient  heat  for  the 
latitude  of  New  York  City  and  of  Kansas  City,  Mo.     Farther  north, 
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the  heap  should  be  made  deeper  and  broader.  Upon  the  surface  of 
the  manure  heap  a  frame  made  like  that  shown  in  Fi^re  6  will 
afford  ample  space  for  the  development  of  the  plants  within.  The 
backboard  of  tnis  frame  is  usually  12  inches  wide  and  the  front  8 
inches,  and  the  two  are  connected  by  a  tapered  board  12  inches  wide 
at  one  end,  8  inches  wide  at  the  other,  and  6  feet  in  length.  The  back 
and  front  of  the  frame  are  made  in  multiples  of  3  feet  in  len^h,  with 
an  inch  added  for  each  division  space  between  sash,  which  is  pro- 
vided for  by  the  use  of  a  T-shaped  piece  let  into  the  frame  to  stmen 


FiGUBB  6. — A  frame  to  carry  the  sash  of  a  hotbed  or  coldframe 

it  and  serve  as  a  guide  for  the  sash.  The  manner  of  making  the  guide 
as  well  as  its  appearance  when  in  place  is  shown  in  Figure  6.  A  cross 
section  is  illustrated  by  Figure  7.  If  severe  weather  is  likely  to 
occur  during  the  time  the  hotbed  is  in  use,  the  frame  should  be  banked 
with  manure  to  give  additional  heat  and  protection.  After  placing 
the  frame  upon  the  manure  heap,  about  3  inches  of  good  garden  loam 
should  be  scattered  uniformly  over  the  area  inclosed  by  the  frame. 
Place  the  sash  in  position  immediately  and  allow  the  bed  to  heat  up. 
Do  not  plant  any  seed  in  the  bed  until  the  temperature  begins  to  sub- 
side, which  will  be  in  about  three  days  after  the  sash  are  put  in  pla<^ 


FiGUBE  7. — Cross  section  of  a  temporary  hotbed 

When  the  temperature  has  fallen  to  85°  or  90°  F.  planting  may  be 
safely  begun. 

Permanent  hotbeds. — A  permanent  hotbed  may  be  so  constructed 
as  to  be  heated  with  fermenting  manure  or  by  radiating  pipes  from 
the  dwelling  or  greenhouse  heating  plant.  For  a  permanent  bed,  in 
which  manure  is  to  supply  the  heat,  a  pit  2  to  2V^  feet  in  depth,  ac- 
cording to  the  latitude  in  which  the  work  is  to  be  done,  should  be  pro- 
vided. The  sides  and  ends  may  be  supported  by  a  lining  of  planks 
held  in  place  by  posts  4  feet  apart,  or,  better  still,  a  brick  wall 
9  inches  thick,  as  shown  in  Figure  8,  mav  be  used.  In  either  case  tJie 
pit  lining  should  come  flush  with  or  above  the  surface  of  tiie  soiL 
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The  site  for  the  pit  should  be  on  naturally  well-drained  land,  and  a 
tile  drain  from  tne  bottom  of  the  excavation  should  be  provided  to 
prevent  water  from  accumulating  in  the  pit  and  stopping  the  fer- 
mentation of  the  manure  during  the  period  the  hotbed  is  in  use. 

Standard  hotbed  sash  are  3  by  6  feet  in  size,  and  the  interior  cross- 
pieces  for  holding  the  sash  are  1  inch  wide.  The  pit,  therefore, 
should  be  some  multiple  of  3  feet  1  inch  in  length  less  1  inch,  and  the 
width  should  be  the  same  as  the  length  of  the  sash — 6  feet.  The 
plank  frame  or  brickwork  of  the  pit  may  be  extended  above  the 
surface  of  the  CTOund  suflSciently  to  allow  for  placing  the  sash  inmie- 
diately  upon  tnese  permanent  structures,  or  a  frame  such  as  is  de- 
scribed in  connection  with  the  construction  of  a  temporary  hotbed 
(fig.  6)  may  be  used.  In  the  fall  the  pit  should  be  filled  with 
leaves  or  straw  and  covered  with  loose  boards  or  shutters  to  prevent 
it  from  becoming  filled  with  snow  and  ice  in  the  North,  so  that  it 
may  be  ready  for  use  early  in  March  there,  or  in  January  or  Feb- 
ruary farther  south. 

Sash. — Hotbed  sash  should  be  constructed  of  white  pine,  cypress, 
or  redwood,  and  the  sash  bars  should  run  in  one  direction  only  and 
that  lengthwise  of 
the  sash.  The  bars 
may  be  braced 
through  the  middle 
by  a  transverse  bar 
placed  through  the 
long  bars  below  the 
plane  occupied  by 
the  glass.  The  two 
ends  of  the  sash 
should  be  made  of 
sound  timber  3  inches 
wide  at  the  top  and 
4  inches  wide  at  the 
bottom  end,  mortised 

to     receive    the    ends  Fioubb  8. — Cross  section  of  a  permanent  hotbed  or  pit 

of  the  sash  bars  and 

with  a  tenon  at  the  ends  to  pass  through  the  side  pieces,  which  should 

be  2y2  inches  wide. 

Glazing. — Placing  the  glass  in  the  sash  is  one  of  the  most  impor- 
tant operations  in  the  construction  of  a  hotbed  and  is  also  a  factor 
that  largely  determines  the  success  or  failure  of  the  bed.  The  glass 
should  be  bedded  in  putty,  i.  e.,  the  rabbet  in  the  sash  bar  that  is 
made  to  carry  the  glass  should  be  filled  with  soft  putty,  and  the 
^lass,  crowning  side  up,  pressed  firmly  into  the  bed  of  putty  and 
securely  fastened  with  shoe  nails  or  wire  brads.  Glazing  points  are 
not  sufficiently  secure.  The  first  glass  to  be  placed  in  any  frame  i§ 
a  bottom  light,  i.  e.,  the  pane  nearest  to  the  front  or  lowest  side  of  the 
hotbed  when  the  sash  is  in  place.  The  next  light  should  be  bedded 
in  the  same  manner  as  the  nrst  and  so  placed  as  to  lap  about  three- 
sixteenths  of  an  inch  over  the  top  edge  of  the  one  first  placed,  like 
shingles  on  a  roof.  Brads  should  be  driven  below  the  lower  corners 
of  the  second  pane  in  order  to  prevent  it  from  slipping  down  over 
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Half-hardy  plants  are  those  that  can  be  sown  in  the  open  gronnd 
a  week  or  two  before  the  last  frost  may  be  expected,  or  that  can  be 
started  under  glass  and  transplanted  to  the  open  ground  while  there 
may  still  be  danger  of  slight  frosts,  but  which  do  better  with  t^n- 
peratures  above  tne  frost  point.  Seeds  of  such  plants  may  be  sown 
about  the  time  leaves  begin  to  appear  on  the  trees  that  put  out  their 
foliage  earliest. 

Tender  plants  are  those  that  are  checked  or  stunted  by  an  approach 
to  frostv  conditions  and  are  injured  by  even  the  slight^t  frosts 
Many  of  them  must  be  started  under  glass,  especially  in  the  North,  in 
order  to  have  a  sufficiently  long  season  in  which  to  develop.  Most  of 
them  are  natives  of  tropical  or  subtropical  countries  and  require  a 
long  season  for  growth.  Their  seeds  should  not  be  put  in  the  open 
ground  until  all  danger  from  frost  is  past,  which  is  about  the  tune 


FiouRB  9. — Outline  map  of  the  United  States  showing  the  date  of  the  ayerai^ "^l&nr- 
rence  of  the  last  spring  frost 

that  white-oak  leaves  are  the  size  of  squirrels'  ears.  Tender,  jlnits 
should  not  be  taken  from  frames  and  put  into  their  penMMnt 
places  until  10  days  later  than  this. 

From  the  foregoing  it  will  be  seen  that  t 
different  flowers  will  depend  on  the  forward 
cially  as  regards  freezing  and  frost.  These 
the  map  (ng.  9)  giving  some  idea  of  the  a 
last  frost  at  different  points  in  the  United  { 
shaded  portions  are  those  in  which  the  last  i 
in  May,  the  lines  in  them  indicating  intei 
lines  in  the  unshaded  portions  similarly  in 
From  the  eastern  foot  of  the  Rocky  Mount 
monthly  intervals  are  attempted  to  be  sho 
there  are  governed  almost  entirely  by  elevat 
tude,  which  makes  it  almost  impossible  to  gi 
within  the  limits  of  this  map. 
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Figure  10. — Dia.^rnm  showing  good  and 
bad  color  combinations.  Colors  immpdi- 
ately  adjacent  to  one  another  or  oppoiiite 
one  anottier  are  appropriate  for  use  to- 
gether. Those  between  should  be  sepa- 
rated by  masses  of  foliage  or  by  white 
flowers.  B  =  blue,  G= green,  0= orange, 
R  =  red,  V  =  violet,  Y  =  yeUow 


Most  of  the  annual  flowering  plants  are  so  vivid  in  their  colors 
and  when  planted  are  used  in  such  large  masses  that  more  care  is 
probably  required  to  avoid  bad 
color  combinations  than  with 
other  classes  of  plants.  When 
used  in  clumps  in  shrubbery  beds 
so  that  there  is  other  foliage  to 
separate  the  colors,  there  is  much 
less  danger  of  getting  bad  com- 
binations than  when  large  masses 
of  different  kinds  of  annuals  are 
used  in  a  garden  or  in  a  single 
border.  Tlie  colors  found  in  the 
different  varieties  of  a  single  spe- 
cies usually  will  not  clash.  As 
a  guide  in  selecting  flowers  that 
may  be  safely  used  near  one  an- 
other, the  color  diagram  shown 
as  Figure  10  is  presented.  The 
colors  opposite  one  another  on 
the  diagram  are  safe  to  use  to- 
tjether,  as  well  as  those  close 
beside  one  another,  but  those  at 
rignt  angles  to  one  another — that 
is,  the  intermediate  ones — are  not  safe  to  be  used  except  by  those  who 
have  made  an  extended,  careful  study  of  color  combinations.^ 

BACKGROUNDS  AND 
SCREENS 

Among     annual 

flowering     plants 

there     are     a     few 

that     are     excellent 

j  for  backgrounds  and 

screens.  Among 
these  are  castor- 
beans,  cosmos,  sun- 
flowers, sorghums, 
feterita,  milo,  broom- 
corn,  and  even  In- 
dian corn. 

Castor-bean. — The  cas- 
tor-bean    or     castor-oil 
plant'  is  especially  val- 
nable  because  it  is  one 
of  the  few  annuals  that 
can  be  used  to  produce 
a     semi  tropical      effect. 
(Fig.  11.)    Its  rapid  growth,  large  size,  and  easy  culture  make  it  valuable  as  the 
central  object  in  groups  where  rich,  luxuriant  growth  is  required.    The  big  lobed 
leaves  with  variety  of  color  of  the  diilerent  sorts,  ranging  from  green  to  deep 


Figure  11. — Castor-bean 


1  A  KUgKestion  as  to  the  reasons  for  this  is  given  in  Farmers*  Bulletin  1087,  Beautifying 
the   Farmstead. 

'Ricinua  communia  L. 
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bronze,  are  of  value  in  giving  contrast,  and  when  nsed  in  combination  witb  cannas, 
caladiums,  coleus,  or  scarlet  sage  most  striking  effects  can  be  produced.  As  a 
background  for  lower  growing  plants,  the  castor-bean  has  no  equal  among  garden 
annuals.  Only  the  annual  climbing  vines  when  provided  with  suitable  supports 
equal  it  as  a  low  screen.  It  can  be  used  with  good  effect  in  groups,  as  masses 
along  shrubbery  borders,  as  belts  for  covering  and  shutting  out  undesirable 
views,  and  singly  against  buildings  or  to  fill  gaps  in  newly  planted  shrubbery. 

This  plant  loves  a  rich  soil,  plenty  of  moisture,  full  sunlight,  and.  great  heat 
In  the  North  it  is  most  satisfactory  when  started  in  a  gentle  beat  four  or  five 
weeks  before  the  last  frost.    A  hotbed,  greenhouse,  or  living  room  can  be  used 

for  the  purpose.  As 
soon  as  the  first  tme 
leaves  have  formed,  the 
young  plants  should  be 
pricked  out  into  small 
boxes  or  pots,  or  they 
may  be  started  in  straw- 
berry boxes  or  in  paper 
pots,  with  one  seed  to  a 
pot.  They  should  be 
kept  growing  slowly  un- 
til all  danger  of  frost 
has  passed,  when  they 
may  be  transferred  to  the 
open.  After  transplant- 
ing the  young  plants  it 
is  desirable  that  they 
have  sufficient  room  to 
prevent  them  from  grow- 
ing too  tall  and  conse- 
quently from  losing 
their  loww  leaves.  They 
should  be  from  3  to  6 
feet  apart,  depending  on 
the  variety. 

If  planted  in  the  open 
ground  about  the  date 
of  the  last  frost,  or  10 
days  before  it  would  be 
safe  to  set  plants  in  the 
open,  they  will  make  a 
growth  of  4  to  6  feet  in 
10  weeka  The  varieties 
range  in  height  firom  3  to 
15  feet  and  have  leaves 
of  corresponding  size. 

Cosmos.  — Cosmos'  is 
now  one  of  the  notable 
fall  flowers.    It  is  a  vig- 
orous tall-growing 
FiGuitB  12.— Cosmos  annual,    yet   its   bright, 

bold  flowers  have  a 
daintiness  and  airiness  that  is  heightened  in  effect  by  the  feathery  green  fol- 
iage. (Fig.  12.)  It  is  most  effective  when  planted  in  broad  masses  or  along 
background  borders  against  evergreens  or  fences  at  some  distance  from  the 
bouse  and  the  garden  walks.  The  white,  pink,  and  rose-colored  daisylike  flowers 
are  borne  in  great  profusion  and  come  at  a  season  when  they  are  very  accept- 
able. There  are  also  double  varieties.  In  the  North,  seed  started  in  the  hoTi«e 
at  the  same  time  as  castor-beans  will  give  plants  3  or  4  feet  in  height  by  Sep- 
tember. Because  of  the  robust  habit  of  the  plant,  the  young  seedlings  should  be 
thinned  to  18  inches  apart  when  grown  on  moderately  good  soil.  Sowing  the 
seed  late  and  in  poor  soil  will  dwarf  the  plants.  In  the  climate  of  Washing- 
ton, D.  C,  of  St.  Louis,  Mo.,  and  farther  south,  they  perpetuate  themselves 
by  self-sown  seed.     These  volunteer  plants  can  be  utilized  for  early  bloonL 

^Cosmos   hiplnnalus  Cav. 
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Cosmos  is  especially  desirable  for  the  warmer  parts  of  the  country,  where  it 
grows  and  blooms  luxuriantly  with  little  care.  In  the  North  only  the  earliest 
varieties  are  likely  to  mature  soon  enough  to  bloom.  As  the  plants  approach 
maturity  it  is  well  to  give  them  some  support,  as  they  are  liable  to  be  bent 
over  by  the  wind. 

Sunflower. — Sunflowers*  are  tall-growing  bright-flowered  annual  plants  that 
have  not  received  the  attention  they  deserve.    The  tall-growing  large-flowered 
sorts,  as  well  as  the  dwarf  many-flowered  varieties  (flg.  13)  are  useful  when 
skillfully    employed     in 
mixed   plantations   with 
other     herbaceous     an- 
nuals.    The  golden  yel- 
low disks  are  like  sun- 
bursts among  the  shrub- 
bery.     The    tall    habit 
and     dense     foliage     of 
some      varieties      make 
them  suitable  for  back- 
grounds    and      screens. 
Because    of    their    long 
stems  and  extraordinary 
lasting     qualities     they 
are    of    value    as    cut* 
flowers. 

Sunflowers  are  of  easy 
culture.  The  seed  should 
be  planted  in  the  open 
garden  in  spring  at 
about  the  time  that  corn 
or  beans  are  planted, 
or  about  a  week  after 
tbe  average  last  frost, 
and  the  plants  should 
be  thinned  to  stand  from 
2  to  4  feet  apart,  de- 
pending upon  whether 
it  is  a  dwarf  or  a  tall- 
growing  variety.  The 
beight  ranges  from  1  to 
10  feet  with  the  different 
varieties,  wliile  the  habit 
of  growth,  character  of 
foliage,  and  number  of 
flowers  vary  correspond- 
ingly. 

Cornlike  plants. — Sor- 
ghum,* feterita,*  milo,' 
broomcorn,"  Indian  corn,* 
may  all  be  considered  to- 
gether, as  their  treat- 
ment and  use  in  land- 
scape planting  is  similar. 
Used  with  castor-beans 
and       sunflowers      they 

may    be    very    effective,  I«"igure  13.— Sunflower 

as     their     foliage     and 

habit  of  growth  contrast  strongly  with  the  foliage  of  the  plants  already  de- 
scribed. They  may  also  be  used  effectively  in  clumps  and  groups  of  their  own 
or  in  borders.  They  need  other  plantings  at  their  base;  otherwise  the  stems 
will  be  bare  and  unsightly.  They  can  be  used  effectively  among  thick-foliaged 
shrubs  that  have  not  yet  grown  sufficiently  to  take  all  the  ground.  Thoy  should 
be  planted  among  plants  with  whose  foliage  they  form  a  contrast  and  above 
which  their  plumelike  blooms,  and  in  some  cases  fruit,  can  show  effectively. 

*  Helianthus  annuus  L.  and  other  species. 

*  Cultivated  forms  of  JIolvus  aoryhum  h. 

*  Zea  nuiytt  L. 
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Varieties  vary  in  height  from  3  to  10  feet  They  are  sun  and  warmth 
loving  plants  and  should  all  be  planted  about  the  time  Indian  corn  is  planted, 
or  when  danger  from  frost  is  past  They  are  easily  grown  where  the  weather 
is  warm. 

Canna  and  elephants-ear.— In  addition  to  the  annual  plants  mentioned,  cannas 
and  eleplants-ears  are  vigorous-growing  plants,  valuable  for  their  foliage,  that 
are  grown  from  roots  and  tubers,  respectively.  The  first  cost  of  these  is  much 
more  than  for  seeds,  but  where  a  greater  variety  is  desired  they  are  valuable. 
By  digging  the  roots  before  freezing  weather  and  storing  them  in  a  cellar  where 
the  temperature  is  maintained  weil  above  freezing,  they  can  be  kept  from  year 
to  year. 

PLANTS  GROWING  3  OR  MORE  FEET  HIGH 

There  are  a  large  number  of  annual  plants  of  intermediate  height^ 
many  of  which  are  very  striking.     Some  of  the  taller  of  these  3iat 

grow  3  or  more  feet 
high  are  the  basket- 
flower,  feather  cocks- 
comb, dahlia,  Jo- 
sephs-coat, larkspur, 
love  -  lies  -  bleeding, 
heliopsis,  princes- 
feather,  sweet-sultan, 
spiderflower, 
and  summer-cypress. 
Of  the  plants  al- 
ready described  the 
c  a  s  t  o  r-b  e  a  n,  sun- 
flower, and  feterita 
have  dwarf  varieties 
of  about  this  height 

Basketflower. — 
The  basketflower'  is  a 
hardy  native  thistlelike 
flower  (fig.  14),  growing 
to  height  of  3  feet,  bear- 
ing large  rosy  lavender 
flowers.  It  should  be 
sown  in  the  open  ground 
in  early  spring  about  as 
soon  as  the  ground  is  in 
FiauuB  14.— Basketflower  condition     to    work.     It 

does  well  when  sown 
where  it  is  to  bloom,  but  can  be  successfully  transplanted.  It  prefers  cool 
weather  and  is  not  as  easy  to  grow  as  many  other  annuals. 

Feather  cockscomb. — ^The  feather  cockscomb,*  sometimes  called  plumed  cocks- 
comb, but  more  commonly  known  as  celosia  or  Celosia  plumosa,  is  a  plum^ike 
and  graceful  tender  annual  (fig.  15),  growing  3  feet  tall,  with  showy  flowers, 
either  crimson  or  yellow.  The  plumes  may  be  cut  before  they  are  fully  ripe  and 
may  be  dried  In  the  house  for  winter  bouquets.  Seeds  may  be  sown  out  of  doors 
after  danger  from  frost  is  past,  or  they  may  be  sown  earUer  under  glass.  They 
prefer  a  light  soil,  not  too  rich,  but  grow  easily  almost  anywhere. 

Dahlia. — The  dahlia*  has  many  double  and  some  single  forms  in  reds  and 
yellows.  They  are  usually  grown  from  rootstocks,  but  they  can  be  grown  from 
seed  readily  by  those  who  have  had  a  little  experience  with  plants.  The  double- 
flowered  varieties  must  be  bowq  as  early  as  AprU  for  satisfactory  bloom  the 
first  year,  while  the  single  varieties  may  be  sown  as  late  as  July  1.  Dahlias 
must  be  grown  where  frost  can  not  reach  them,  so  in  the  North  it  is  necessary 
to  start  the  double-flowered  ones  under  glass. 

"^Centaurea  americana  Nutt.  * 0el09ia  argentea  L.  •Dahlia  rosea  Ctr. 
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As  soon  as  the  tops  are  hurt  by  frost  the  roots  should  be  dug  on  a  warm 
sunshiny  day  so  they  will  not  be  chilled,  and  then  they  should  be  stored  In  a 
warm  cellar  with  as  much  dirt  as  possible  about  them.  A  place  suitable  for 
cannas  and  sweet  potatoes  is  satisfactory  for  dahlias.  Another  method  is  to 
store  them  in  boxes  of  sand.  New  plants  may  be  started  the  next  season  from 
these  roots. 

Josephs-coat. — Josephs-coat'*  is  an  easily  grown  upright  plant  reaching 
heights  of  3  or  more  feet,  whose  attractiveness  is  due  to  the  brilliant  red, 
yellow,  and  green  foliage.  It  likes  wannth  and  sunshine  and  plenty  of  room, 
with  the  soil  not  too  rich. 
It  will  not  stand  frost, 
so  it  must  be  started 
either  late  out  of  doors 
or  under  glass  if  re- 
sults early  in  the  season 
are  desired.  It  can  be 
started  six  weeks  before 
danger  of  frost  is  past 
and  may  be  trans- 
planted once  or  twice 
before  setting  it  in  the 
op3n  ground. 

Love  -  lies  -  bleeding. — 
liove-lies-bleeding  "  (fljir. 
16)  is  another  easily 
grown,  rather  upright 
annual  with  drooping 
blood  -  red  foliage.  It 
should  be  handled  in 
the  same  manner  as  Jo- 
sephs-coat and  responds 
to  the  same  cultural 
conditions. 

Heliopsis. — Heliopsis," 
sometimes  miscalled 
orange  sunflower,  is  a 
hardy  perennial  with 
pale  orange  -  colored 
flowers  that  will  bloom 
the  first  year  from  seed. 
It  is  easily  grown  and 
will  attain  a  height  of 
3  to  4  feet  Seeds 
may  be  sown  early  out 
of  doors  about  the  time 
the  last  frost  may  be 
expected. 

Princ0sfeather. — 
Princesf eather "  is  an 
upright  annual,  3  to  4 
feet  tall,  with  dark  red 
feathery  flowers.  Its  cul- 
ture is  like  that  of  Jo- 
sephs-coat, already  .dis- 
cussed, and  is  adapted  Figure  15. — Feather  cockscomb 
to  the  use  of  a  beginner. 

Sweet-sultan. — Sweet-sultans,"  or  royal  sweet-sultans,  are  handsome  sweet- 
scented,  thistlelike,  hardy  annuals  growing  to  a  height  of  over  3  feet,  with  red, 
purple,  lavender,  and  white  varieties.  They  are  useful  both  for  cutting  and  in 
borders.  They  are  sown  early  in  the  spring  for  the  best  results,  so  that  they 
will  get  an  early  start  and  bloom  before  hot  weather.  They  will  stand  some 
frost. 

*^  AmararUhu8  gangcticus  metandholictts  Voss. 
u  Amaranthu9  caudatu8   L. 
^ffeUop9i9  helianthoides  pitch4sriafui  Fletcher. 
^  Amaranthua  hypochondriacus  aanguintua  Hort. 
^  Centaurea  moachata  L. 
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Spiderflower. — ^The  spiderflower  "  (fig.  17)  grows  ta  a  height  of  3%  feet  and 
forms  large,  loose  heads  of  rose-colored  flowers  borne  well  above  the  foliage  for 
a  long  season.  The  seed  should  be  sown  in  the  open  ground  soon  after  the 
weather  is  settled,  or  two  or  three  weeks  before  the  last  frost  may  be  expected. 
The  plant  is  of  easy  culture. 


FiGURK  16. — Lovc-lies-bleodlng 

Summcr-cypress. — Summer-cypress,"  also  called  standing  cypress  and  Mexican 
flame  plant,  is  a  useful  plant  for  a  pale-green  mass  effect  or  for  formal  effects- 
(Fig.  18.)  Belvedere"  is  a  similar  plant  of  more  erect  habit.  The  foliage  i* 
fine  and  light  in  color,  but  very  effective  when  used  in  masses.  When  grown 
with  plenty  of  room  they  form  uniform  oval  symmetrical  specimens  3  or  mor^ 
feet  high.     For  spt'cimen  plants  they  should  be  set  at  least  4  feet  apart:  for 

^Cleome  spinoaa  Jacq.        ^^  Kochia  trichophylla  Stapf.      ^"^  Kochia  acoparUi  Schwd. 
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a  hedge,  18  inches  or  2  feet  apart.  Summer-cypresses  do  not  thrive  in  shade, 
the  part  that  is  shaded  failing  to  grow^  thus  making  the  plants  one  sided.  On 
tlie  other  hand,  their  growth  is  stimulated  by  tlie  close  proximity  of  an  electric 
arc  li^ht    As  they  approach  maturity  the  whole  plant  gradually  turns  crimson, 


Figure  17. — Spiderflower 


FiauBK  18. — Summer-cypress  on  tbe  back  of  a  bed 

later  becoming  brown  and  unattractive  on  the  approach  of  frost.  The  bloom 
is  inconspicuous,  but  the  plant  seeds  freely,  and  the  second  season  the  ground 
will  be  covered  with  seedlings,  which,  however,  are  readily  killed  by  hoeing. 
Seed  may  be  sown  thinly  in  the  open  ground  early  in  the  spring.  Culture  is  of 
the  easiest 
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PLANTS    GROWING   ABOUT   30   INCHES    HIGH 

Plants  that  grow  about  30  inches  high  are  clarkia,  cornflower,  lark- 
spur, scabiosa,  annual  poinsettia,  scarlet  sage,  strawflower,  and  zinnia. 
Some  of  the  varieties  of  sunflowers  are  also  as  small  as  this. 

Clarkia. — Clarkia  "  is  one  of  the  prettiest  of  hardy  native  annuals.  It  comes 
from  west  of  the  Rocky  Mountains.  Its  freedom  of  blooming,  with  the 
variety  and  brightness  of  its  white,  salmon,  or  scarlet  flowers,  makes  a  bed 


Figure  19. — Cornflower 

of  these  plants  an  attractive  sight.  They  are  useful,  too,  for  hanging  basket.^ 
for  vases,  as  edging  plants,  for  low  massing,  or  for  borders.  The  seed  should 
l>e  sown  outdoors  in  early  spring,  and  the  plants  should  be  grown  in  partial 
shade.  The  clarkias  thrive  in  a  warm  light  soil,  and  their  period  of  bloon 
is  from  midsummer  to  late  autumn.  The  average  height  of  the  plant  i^  - 
to  2V^  feet. 

Cprnflowcr. — ^The  cornflower"  (flg.  19)  is  also  known  as  bachelor  bottoE. 
bluebottle,  ragged  sailor,  kaiserblume.  and  sometimes  erroneously  as  ragj^e^* 
robin  and  bluet.     These  bright-flowered  plants  are  of  a  hardy  nature,  requ.r 

^Clarkia  pulchella  Pursh,  C.  eUgana  Douglas.  ^  Centaurea  cyanus  L. 
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ing  simple  culture,  yet  they  are  among  the  most  attractive  and  graceful  of  all 
the  old-fashioneil  flowers,  bearing  freely  blue,  white,  or  rose-colored  blossoms. 
Wlien  placed  in  water  after  cutting  the  flowers  increase  in  size.  The  seeds 
of  these  annuals  should  be  sown  in  the  fall  or  in  the  spring  from  the  time 
the  ground  is  flt  to  work  until  the  last  of  May  in  the  North  and  the  last  of 
June  in  the  South.  They  may  be  started  earlier  under  glass.  The  young 
plants  should  be  thinned  to  4  to  6  inches  ai)art.  They  thrive  well  on  all 
moderately  rich  garden  soils.  When  once  established  they  will  usually  re- 
seed  themselves  year  after  year. 

Larkspur. — The  larkspur"  is  especially  valuable  because  of  its  rich  blues,  as 
blue  is  a  comparatively  rare  color  amoug  our  cultivateil  plants.    There  are  also 


Figure  20. — Larkspur 

vhite  varieties  and  a  red  spec.'es.  The  taller  growing  annual  varieties  reach 
I  height  of  30  inches  and  are  valuable  for  bedding  and  borders  as  well  as  for 
ut  flowers.  There  are  other  varieties  only  about  18  inches  high  (fig.  20)  that 
re  even  better  for  bedding  purposes.  There  are  both  single  and  double  forms 
«f  the  annual  larkspurs.  In  addition  to  these  there  are  many  perennial 
arietles  that  will  bloom  the  first  year  from  seed,  so  they  can  be  used  as  an- 
luals  with  reasonable  satisfaction.  These  vary  in  height  from  18  inches  to  5 
eet.  Larkspurs  are  easily  grown,  but  do  best  in  a  rather  cool,  moist  soil. 
The  seeds  of  the  annuals  may  be  sown  in  the  open  ground  either  in  late  fall  or 
Q  spring,  preferably  the  former,  so  they  will  be  ready  to  germinate  early  in 
he  spring.  In  the  South  the  perennial  varieties  may  be  handled  in  the  same 
ray.  As  the  seedlings  grow  they  should  be  thinned  to  stand  from  6  to  18 
riches  ai^art,  depending  upon  the  variety.  Among  the  annual  larkspurs  there 
re  In  addition  to  the  blue  varieties  white,  buff,  rose,  pink,  and  similar  shades. 

^Delphinium  ajads  L.,  Z>.  consolida  L. 
54593"— 29 4 
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These  may  all  be  sown  separately  or  in  mixture  with  entirely  satisfactocT 
results. 

From  Norfolk  northward  the  perennial  varieties  need  to  be  started  under  glass 
in  order  to  bloom  the  first  year  from  seed.  The  young  plants  can  be  trans- 
planted into  flats  before  they  are  an  inch  high,  being  placed  3  to  4  inches 
apart,  and  by  gradually  hardening  them  off  they  can  be  set  in  the  open  ground 
before  corn-planting  time.  These  plant's  can  be  .set  6  to  8  inches  apart  tbe 
first  year,  but  need  to  be  farther  apart  the  following  year. 

Some  species  bloom  both  early  and  late,  and  the  blooming  period  of  all  can 
be  prolonged  by  removing  the  withered  flower  stems  promptly. 


FiGURB  21. — Scabiosa 

Scabiosa. — Scabiosa,"  often  called  mourning  bride,  pincushion  flower,  and 
sweet  scabious,  is  an  easily  grown  old-fashioned  half-hardy  annual  (fig.  21)  that 
is  very  attractive  and  satisfactory  both  for  cutting  and  for  borders  and  beds. 
The  flowers,  which  vary  from  white  through  rose,  crimson,  and  blue  to  almoBt 
black,  are  borne  on  long  stems  and  keep  a  long  time  either  on  the  plant  or  whai 
cut.  The  seed  should  be  sown  in  the  open  ground  after  danger  tmm  hard 
frost  is  past,  and  the  plants  will  bloom  in  about  12  weeks.  There  are  also 
hardy  perennial  kinds. 

Annual  poinscttia. — The  annual  poinsettia "  (fig.  22),  Mexican  fire  plant 
painted  spurge,  or  painted  leaf,  is  a  handsome  green-leafed  plant  that  abort 

^Soalioea  atropurpurea  L.  '*JSupJwrMa  hetcrophyUa  L. 
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midsummer  changes  the  color  of  several  of  the  leaves  at  the  ends  of  the 
branches  to  scarlet.  As  the  plant  is  naturally  much  branched  and  bushy, 
it  makes  a  great  show.  It  attains  a  height  of  2  to  3  feet.  Seed  should  be 
aovrn  in  the  open  ground  when  freezing  weather  is  past. 

Scarlet  sage. — Scarlet  sage,"  or  scarlet  salvia,  is  a  standard  bedding  .t)lant  that 
keeps  the  garden  bright  with  color  until  late  in  fall.  This  plant  lends  itself 
to  many  uses  (fig.  23)  ;  it  makes  a  good  pot  i^ant,  does  well  in  window  boxes, 
and  is  useful  for  cutting,  to  give  color.  Its  commonest  use,  however,  is  as  a 
hedge  or  border  plant,  giving  long  broad  bands  of  vivid  scarlet.  On  account 
of  its  very  striking  color,  caution  needs  to  be  observed  in  using  it  in  this 
way.  It  can  be  most  effectively  used  in  small  clumps  among  or  against  masses 
of  green. 

Seeds  should  be  sown  in  window  boxes  or  frames  six  weeks  before  the  last 
frost  and  the  plants  set  outdoors  after  all  danger  from  frost  is  past ;  or  the 
seeds  may  be  hown  outdoors,  if  the  place  is  protected  from  heavy  rains  and 


FicruB  22. — Annual  iwinsettla 

strong  winds,  about  the  date  of  the  last  frost,  so  the  seed  will  not  germinate 
until  after  all  danger  of  frost  is  over.  The  plants  grow  and  bloom  profusely 
in   any  light  rich  soil. 

Besides  the  scarlet  sage,  there  are  blue  salvias,  which  are  perennials,  most 
c»f  them  being  hardy.  Both  the  tender  and  hardy  perennial  sorts  bloom  the 
first  year,  and  all  may  be  treated  as  annuals. 

Strawflower. — ^The  strawflower  ^  is  an  attractive,  easily  grown,  .hardy  anuuiil, 
l>earing  double  lemon  and  yellow  flowers  an  inch  and  a  half  across  (fig.  24). 
These  plants  are  very  effective  for  beds  and  borders,  and  the  flowers  may  be 
axit  and  dried  for  winter  bouquets.  They  succeed  in  any  good  garden  soil,  but 
i-espond  to  plenty  of  fertility.  The  seed  may  he  sown  in  the  oih'u  ground  as 
soon  as  all  danger  of  freezing  is  past.    They  do  better,  however,  if  transplanted 

'^Salvia  aplendena  Ker.  ^ Elichrysum  hracteatum  Andr.    (Ilolichrysum). 
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once  or  twice.    They  should  have  plenty  of  room  to  develop,  not  being  planted 
closer  than   12  inches  apart.    They  grow  to  a  height  of  30  inches. 

Zinnia. — The  zinnia,*  sometimes  called  "  youth  and  old  age,"  is  easily  grown 
from  seed  sown  in  the  open  ground.  When  sown  as  soon  as  the  groand  is  fit  to 
work,  the  plants  will  bloom  abundantly  and  continuously  through  the  entire 
season.     (Fig.  25.)     Of  late  great  improvements  have  been  wrought  in  boUi 


FiGUBE  23. — Scarlet  sage 

the  color  and  the  form  of  the  flower.  The  colors  are  white,  yellow,  orange,  pink, 
rose,  and  scarlet.  During  the  month  of  August  zinnias  are  at  theur  best  To 
obtain  large  flowers  and  a  profusion  of  bloom  the  plants  must  be  given  ample 
room  for  full  development  as  well  as  an  abundant  supply  of  food.  Strong  r^ 
soils  suit  them.  If  the  seeds  are  sown  in  a  dwelling  house  or  in  a  hotbed  and 
the  young  plants  are  pricked  out  once  or  twice  before  being  placed  in  their 
permanent  situations,  more  satisfactory  results  will  be  obtained  than  from 
outdoor-sown  seeds,  unless  equal  care  in  thinning  or  transplanting  is  giv«- 
The  plants  can  be  used  for  groups,  beds,  borders,  garden  lines,  and  sommff 
hedges.     Their  average  height  is  2V2  feet,  ranging  from  2  to  3  feet 

^Zinnia  elegans  Jacq. 
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PLANTS  GROWING  ABOUT  24  INCHES  HIGH 

Several  of  the  annual  flowering  plants  that  grow  about  2  feet  high 
are  very  useful  for  both  ornamental  planting  and  cut  flowers.  Among 
these  are  babysbreath,  calliopsis,  China-aster,  summer  chrysanthe- 
mum, cockscomb,  rudbeckia,  gaillardia,  lupine,  African  marigold, 
balloonflower,  salpiglossis,  and  snapdragon.  The  garden  balsam, 
Shirley  poppy,  and  snow-on-the-mountain  are  other  plants  of  this 
height  desirable  for  ornamental  plantings  but  not  suitable  for  cut- 
ting. Of  the  plants  already  discussed  the  larkspur,  scarlet  sage,  and 
sunflower  have  varieties  that  are  about  this  height. 


Figure  24. — Strawflower 

Babsrsbreath. — Babysbreath "  is  a  dainty  free-growing  wliite-flowered  plant 
that  is  much  used  to  put  with  cut  flowers,  to  lighten  the  effect.  It  also  tends 
to  lighten  the  effect  if  used  in  mass  plantings.  The  different  species  vary  in 
height  from  8  or  10  inches  to  2  feet.  The  seed  should  be  sown  in  the  open 
ground  as  soon  as  freezing  weather  is  well  past. 

Calliopsis. — Calliopsis  "  is  the  name  given  to  the  ornamental  annual  plants  of 
the  genus  CJoreopsis.     They  have  showy,  graceful,  long-stemmed  flowers  (fig.  26) 

^  Oypiophila  elegant  Bleb,  and  O.  muralis  L.,  annuals,  and  O.  panicitluta  L.,  a  per- 
ennial. 

«»  Coreopsis  tinctoria  Nutt.,  C.  hasalis  Blake  (0.  drummondii),  O.  nuecensis  Heller 
(C.   iUfrcfiata). 
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well  suited  for  bouquets  and  yet  so  borne  as  to  make  very  eflPective  border  or 
bedding  plants.  Tbe  principal  jcolor  is  a  deep  yellow,  which  ?s  combined  In 
some  varieties  with  rich  maroons  and  in  others  with  browns.  Varieties  vary 
in  height  from  9  inches  to  2  feet.    They  are  of  the  easiest  calture. 

Seeds  may  be  sown  under  glass  or  in  the  open,  but  they  should  not  be  sown 
outdoors  before  tlie  last  frost.  They  may  be  sown  under  glass  two  months 
before  tills.  Seeds  sown  in  the  open  in  May  will  usually  give  an  abundance  of 
liowers  from  August  till  frost.  After  transplanting  or  their  final  thinning 
the  plants  should  be  10  inches  apart  each  way. 


FiouBE  25. — Zinnia 

The  perennial  form,  Coreopnis  grandiflora,  will  bloom  the  first  year  if  the 
seed  is  sown  early. 

China-aster. — The  China-aster"  is  one  of  the  most  desirable  of  the  annual 
flowering  plants.  The  variety  In  Its  size,  color,  form,  and  season  of  blooming 
makes  it  most  satisfactory  for  supplying  cut  flowers;  in  fact,  many  of  the 
improved  sorts  produce  flowers  equal  in  form  and  size  to  some  of  the  better 
sorts  of  chrysanthemums.  The  range  of  color  is  one  of  its  chief  merits. 
Strange  as  it  may  appear,  the  plant  world  is  not  very  well  supplied  with  blue 
flowers  possessing  characters  that  suit  them  to  domestic  or  commercial  uses. 
In  the  China-aster,  however,  are  found  many  shades  of  lavender  and  purple, 
and  for  this  reason,  if  for  no  other,  they  should  prove  an  attractive  decorative 
plant.     There  are  also  white,  pink,  and  rose-colored  varieties.     The  habit  of 


*  Callialcmma  chinensls  Skeels   (Callistephus  chinenaia). 
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growth  adapts  the  China-aster  to  close  planting  for  cut  bloom,  for  window 
boxes  (fig.  27),  and  also  for  bedding.  It  should  not  be  confused  with  the 
attractive  native  hardy  perennial  asters,  which  are  robust  tall-growing  plants 
well  adapted  for  use  in  an  herbaceous  border  where  late  bloom  and  careless 
effects  are  desired.  The  more  compact-growing  large-flowered  China-asters 
are  most  desirable  for  cut  blooms,  while  the  tall-growing  open  wild  aster** 
is  most  useful  In  wild  garden  or  for  screens.  The  vigor  and  ease  of  culture 
of  the  China-aster  are  factors  that  contribute  to  its  popularity. 

Plants  from  seed  sown  in  the  open  ground  in  May  and  given  sufficient  moisture 
bloom  abundantly  in  September  and  October,  when  the  flowers  are  seen  at 


FiQDBB  26. — Calliopeis 

their  best.  For  July  and  August  blooms  the  seeds  should  be  sown  in  March 
or  April.  When  frosts  occur  during  this  season  the  planting  will  need  to  be 
done  in  a  coldframe,  a  spent  hotbed,  or  in  pots  or  boxes  in  a  living  roiom. 
Cover  the  seed  about  half  an  inch  deep  with  rich  light  soil,  and  when  the  plants 
have  three  or  four  leaves  transfer  them  to  thumb  pots  or  to  other  boxes, 
Ketting  the  plants  about  2  inches  apart  each  way.    After  all  danger  of  frost  is 


^Atter  novae-angliae  L. 
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past,  transplant  the  plants  to  their  i)ennanent  home,  where  they  should  stand 
abont  18  inches  apart  each  way  in  well-prepared  beds.  Fresh  mannre  or 
manure  used  in  too  large  quantities  sometimes  proves  injurious  to  them.  Only 
thoroughly  composted  manure  mixed  with  the-  soil  is  safe  for  these  plants. 
Small  quantities  of  air-slaked  lime  or  of  fresh  wood  ashes  stirred  into  the 
surface  of  the  beds  are  beneficial.  When  given  plenty  of  water  and  rich,  fine 
soil,  China-asters  can  be  grown  into  beautiful  pot  plants. 

In  some  localities  and  during  some  seasons  the  China-aster  is  serionsly 
attacked  by  the  so-called  black  potato  beetle,  or  blister  beetle,"  an  Insect  that 
feeds  upon  the  partly  developed  buds,  causing  them  to  develop,  if  at  all,  into 
deformed,  irregular  blossoms.  In  such  localities  these  flowers  can  be  success- 
fully grown  under  screens  of  mosquito  netting  or  other  thin  cloth. 


FiuuBB  27. — China-asters  in  window  boxes 

Chrysanthemums. — The  chrysanthemums,  like  the  pinks,  comprise  some  of  the 
most  valuable  of  the  commercial  florists*  products,  both  hardy  perennial  and 
annual  flowering  plants.  The  large-flowered  types  of  chrysanthemums,  whidi 
each  fall  produce  such  gorgeous  shows  in  the  stores,  florists*  establishments, 
and  conservatories,  are  not  hardy,  and  since  they  are  treated  as  groonhaa^ 
plants  by  the  florists,  they  are  only  mentioned  in  this  list.  The  class  of  hardy 
chrysanthemums,  which  should  be  more  commonly  seen  in  every  flower  garden 
and  are  known  as  pompons,  are  simply  noted  to  give  proper  relation  to  the 
annual  chrysanthemums,  which  are  the  subject  of  this  sketch. 

Summer  or  annual  chrysanthemums  "  bloom  most  satisfactorily  if  the  seels 
are  sown  early  in  a  hotbed  or  coldf  rame  and  the  young  plants  transferred  to  the 
open  as  soon  as  the  soil  has  become  sufficiently  warm  to  keep  them  growii* 
without  check,  or  two  weeks  after  the  usual  date  for  the  last  frost.    If  started 

»  Epicauta   prnnaylvanica. 

'^Chrysanthemum  carinatum  Schousb,  C.  aegetum  L.,  C.  coronariUf»  L. 
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in  a  hotbed  the  young  plants  should,  stand  10  to  12  inches  apart  when  set  in 
their  permanent  locations.  Somewhat  less  satisfactory  results  can  be  obtained 
by  sowing  the  seed  In  the  open  where  the  plants  are  to  bloom,  at  or  just  before 
the  date  of  the  last  frost.  The  seedlings  shouldl  be  thinned  to  stand  at  least  8 
inches  apart.  If  the  same  care  in  regard  to  disbudding  and  pinching  back  is 
taken  with  the  annual  plants  as  with  the  large-flowered  perennials,  the  work 
will  be  rewarded  by  the  greatly  increased  size  of  tlie  usually  white  or  yellow 
flowers.     (Fig.  28.) 


► 

% 

J 

FiGUBK  28. — Summer  chrysanthemum 

The  hardy  chrysanthemums"  will  bloom  a  little  the  first  year  from  seed  if 
started  early,  but  the  plants  will  not  be  compact  and  bushy  until  the  second 
year.  They  should  be  started  early  in  March,  and  where  freezing  is  liable  to 
occur  after  planting  they  should  be  started  under  glass  in  order  to  give  them 
time  to  mature  before  frost. 

«■  Chryaanthemum  leucanthemum  L.,  discussed  in  Farmers*  Bulletin  1311,  Chrysanthe- 
mums for  the  Home. 
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Cockscomb. — CJockscombs "  are  prized  and  planted  as  an  easily  grown  odd 
and  pictnresqne  decorative  feature  of  the  garden.  (Fig.  29.)  The  tall  ones 
form  striking  groups,  and  when  interspersed  with  other  lower  growing  plants 
in  a  lK)rder  they  produce  a  pleasing  ccmtrast,  while  the  dwarf  varieties  make 
novel  and  attractive  borders.  There  are  bright  red  and  crimson  varieties. 
The  young  plants  can  be  grown  from  seeds  sown  in  gentle  heat  foar  weeks 
before  the  last  frost  and  transplanted  to  the  open  ground  when  danger  of  fim 
is  past ;  or  about  the  time  the  last  frost  is  expected  the  seeds  may  be  sown  m 
the  open  where  the  plants  are  to  stand.  Transplanting  into  rich  soil  as  the 
combs  begin  to  form  makes  the  flower  heads  much  larger.  They  are  bright 
from  midsummer  until  frost. 


Figure  29. — Cockscomb 

Rudbeckia. — The  nidbeckias,  sometimes  called  coneflowers,  are  principally 
perennials,  but  there  is  one  annual"  that  grows  about  2  feet  high  and  bears 
handsome  yellow  flowers  with  a  brown  center.  (Fig.  30.)  Not  only  is  the 
disk  brown,  but  the  bases  of  the  ray  flowers  as  well.  The  seed  may  be  sown 
in  the  open  ground  as  soon  as  freezing  weather  is  past,  or  for  earlier  bloom  it 
may  be  sown  under  glass.  The  plants  respond  to  plenty  of  manure,  and  they 
like  warm,  sunny  situations,  although  they  will  grow  readily  almost  anywhere. 

The  hardy  perennial  rudbeckias**  may  be  treated  as  annuals.  The  flowere 
are  quite  showy  and  usually  have  yellow  rays,  though  some  are  crims<m  and 
others  more  or  less  covered  with  brown-  toward  the  base.  The  rudbeckias  are 
very  easy  of  cultivation,  thriving  in  almost  any  soil  and  climate.  Most  of  them 
prefer  a  moist  soil  but  will  thrive  in  the  garden  under  ordinary  cultivation. 

^Celosia  crUtata  L.  » Rudleckia  Mria  L.,  R.  triloba  U 

^Rudbeckia  bicolor  Nutt. 


Digiti 


zed  by  Google 


GROWING   ANNUAL  FLOWERING   PLANTS  33 

Tlie  black-eyed-susan  (Rudheokia  hirta),  or  "  niggerhead "  as  it  is  some- 
times called,  will  thrive  in  the  hottest  and  driest  situations.  R.  triloba,  a 
biennial,  perpetuates  itself  through  self-sown  seeds.  It  may  be  used  effectively 
as  a  border  to  a  large  bed  of  delphiniums  or  as  a  screen,  as  it  forms  a  dense 
buf^li  between  3  and  4  feet  high. 

Tlie  rudbeckias  are  propagated  from  see<ls  or  cuttings  or  by  division.  They 
are  easily  handled.     When  grown  from  seeds  they  may  be  sown  in  the  open 


FiGURB  30. — Rudbeckia 

gronxid  as  soon  as  it  is  dry  enough  to  work  after  freezing  weather,  or  earlier 
with  heat.  The  goldenglow,"  one  of  the  most  satisfactory  hardy  perennials, 
is  well  adapted  for  planting  in  a  shrubbery  or  herbaceous  l>order.  It  is 
propagated  by  division  of  the  roots.     It  grows  to  a  height  ranging  from  3  to 


FiouKB  31. — Gaillardla 

6  feet  and  may  be  used  as  a  screen  when  lower  growing  plants  are  placed 
in  the  foreground. 

Gaillardla. — In  the  galllardias,"  or  blanket  flowers,  are  found  both  annual  and 
perennial  plants  of  easiest  culture,  offering  a  wide  selection  of  varieties  and 
a  profusion  of  bloom  over  a  long  period.  The  blooming  period  begins  e«arly 
and  continues  late  in  the  fall.  These  are  plants  well  adapted  to  mixed  bor- 
ders   (flg.  31)    and  are  very  satisfactory   as  cut   flowers.     The   stems  are  of 

»  A  double-flowered  form  of  Rudlteckia  laciniata  L.    ^  Gaillardia  pulchcUa  picta  Gray. 

Digitized  by  VjOOQIC 


34  FARMERS^  BULLETIN    1171 

good  length,  carrying  the  orange  and  crimson   flowers  well,   wlille  the  cot 
flowers  keep  fresh  for  a  long  time  when  placed  in  water. 

The  annual  gaillardlas  are  all  propagated  readily  from  seeds  sown  where 
they  are  to  grow  soon  after  freezing  weather  is  past,  although  they  can 
be  started  under  glass  and  be  transplanted  to  their  permanent  location  as 
s(k>n  as  killing  frosts  have  passed.  In  either  case  the  blooming  plants  should 
not  stand  closer  together  than  10  to  12  inches.     They  grow  and  bloom  best 


B^iGCRB  32. — Luplue 

wlien  fully  exposed  to  sun  and  air  and  when  planted  on  a  fertile  but  light 
and  well  drained  soil. 

Lupines. — Lupines^  (fig.  32)  are  blue-flowered  hardy  annuals  of  easy  culture 
that  succeed  in  partial  shade.  They  grow  about  2  feet  high  and  are  useful 
in  mixed  borders,  in  beds,  and  for  cutting.  They  should  be  sown  in  the 
open  ground  as  soon  as  the  soil  is  flt  to  work,  or  earlier  under  glass. 

Aztec  marigold. — The  Aztec  marigold*  formerly  called  African  marigold,  is 
the  tallest  of  three  distinct  types  of  garden  marigolds,  each  with  numerous 
horticultural  varieties.     Each  type  is  derived  from  a  different  species.    They 

^Lfupinusj  several  species.  ^Tagetes  ereota  L. 
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are  popularly  spoken  of  as  African  marigold,  French  mar'gold,  and  dwarf 
marigold  or  tagetes,  but  their  common  names  give  no  clue  to  their  nativity. 
The  first  is  not  only  the  tallest  but  is  more  spreading  in  growth  and  is  well 
adapted  to  herbaceous  or  shrubbery  borders.  It  frequently  grows  2  or  more 
feet  in  height,  and  for  this  reason  it  is  l^etter  suited  for  planting  in  mixcMl 
borders  or  along  belts  of  trees  and  shrubs  than  in  beds  or  massed  in  small 
areas.  This  is  the  common  marigold  of  the  garden  in  America.  (Fig.  33.) 
The  leaves  and  flowers  are  strong  scented,  while  the  range  of  color  is  from 
sulphur  yellow  to  orange,  tlie  darl^er  shades  being  more  commonly  met  with 
than  the  lighter  ones. 

These  plants  may  be  started  under  glass  or  in  the  open  ground  as  soon  as 
freezing  weather  is  past.    They  are  of  easiest  culture. 

Balloonflower. — Tlie  platycodons,  balloonflowers,  or  Japanese  or  Chinese  bell- 
flowers,**  are  blue  and  white  flowered  hardy  perennials,  which  succeed  fairly 


FiGUUR  33. — Aztec  marigold 

well  as  annuals.  The  seed  may  be  sown  as  soon  as  freezing  weather  is  past, 
and  the  plants  will  begin  to  bloom  in  about  four  months.  They  will  thrive 
in  any  good  garden  soil,  but  are  not  as  readily  grown  as  many  of  the  true 
annuals. 

Salpiglossis. — ^The  salpiglossis  ^  or  painted  tongue  is  an  unusually  dainty  and 
attractive  funnel-shaped  flower  ranging  from  white  to  purple  and  crimson, 
more  or  less  veined  with  gold,  and  borne  on  slender  upright  stems  that  give 
the  whole  plant  an  air  of  distinction.  (Fig.  34.)  The  seed  should  be  sown 
early  under  glass  or  in  the  open  ground  as  soon  as  danger  of  frost  is  past. 


«•  Platyeodon  ffrandiflorum  A.  DC.  and  P.  grandiflormn  Japonicum  Stubenrauch. 
*^  Salpiglossis  sinuata  Ruiz  and  Pav. 
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It  is  not  suited  to  bedding,  but  is  beautiful  in  the  border  or  for  cuttiug.    It 
is  a  little  more  <Iifficult  to  grow  than  some  of  the  other  annuals. 

Snapdragon. — The  snapdragon  ^  is  a  valuable  border  plant.  It  is  a  pereimiaL 
but  flowers  the  first  year  from  seed  sown  in  the  spring.  The  bright  color  and 
peculiar  form  of  tlie  flowers  (fig.  35)  always  attract  attrition.  The  newer  sorts 
offer  an  enlarged  variety  of  colors  and  of  markings  ranging  from  white  to  yel- 
low and  scarlet.  Tlie  spikes  are  useful  for  cutting,  keeping  fresh  a  long  time. 
From  seed  sown  in  the  open  ground  when  danger  of  frost  is  past  blooms  will 
be  obtained  in  about  10  weeks.  For  early  flowers  the  seed  should  be  sown 
under  glass  and  transplanted  into  beds  of  warm,  dry  soil  moderately  enriclied. 
If  protected  by  a  coldf rame  or  even  a  mulch  of  leaves  in  the  North,  the  plants 
will  winter  well  and  bloom  early  the  following  year.  The  snapdragim,  like 
most  perennials  and  biennials  that  bloom  the  first  year  and  of  which  a  particu- 
lar display  is  desired,  should  be  treated  as  an  annual  and  sown  every  year.  The 
plant  is  of  easy  culture  and  blooms  freely  and  continuously  until  frost. 


Figure  34. — Salpiglossls 

Balsam. — The  garden  balsam  *^  is  a  native  of  India.  It  likes  hot  sun,  ridi 
soil,  and  plenty  of  water.  The  young  plants  are  quick,  sure  growers,  and 
seeds  sown  in  the  oix?n  ground  about  the  time  of  the  last  frost  soon  form 
handsome  bushes  thickly  massed  with  large  roselike  white,  pink,  or  n«e- 
coloreil  flowers.  (Fig.  36.)  Transplanting  two  or  three  times  has  a  tendency 
to  dwarf  the  plants  into  better  shape  and  to  make  the  flowers  more  dooWe. 
Kalsams  are  not  often  given  room  to  perfect  their  development ;  they  will 
easily  cover  from  12  to  18  inches  of  space  each  way.  For  the  flnest  flowws 
choi(H^  seed  is  more  than  usually  essential,  as  cultivation  and  selection  have 
wrought  wonders  with  this  plant.  The  one  objection  to  the  balsam  is  its  habi: 
of  producing  its  flowers  on  the  under  side  of  the  leaves  or  inside  the  plant 
as  it  were.  While  the  individual  flowers  are  beautiful,  the  obscure  manner 
in  which  they  are  borne  detracts  considerably  from  their  ornamental  valw. 
When  used  at  the  margin  of  groups  or  to  crown  a  terrace  bank  they  are  shown 
to  best  advantage. 

*-  Aniinhinum    majus   L.        .  *^ Impaticntt  haUamina  L*. 
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For  early  blooms  balsam  seeds  should  be  sown  in  a  gentle  hotbed  or 
in  a  dwelling  house  about  eight  weeks  before  the  last  frost.  As  soon  as  the 
first  true  leaves  have  developed,  the  young  plants  should  be  transplanted 
to  thumb  pots  or  to  boxes,  where  they  will  stand  about  2  inches  apart  each 
way.  An  abundance  of  light  and  water  is  at  all  times  necessary  for  success 
with  these  plants.  Care  should  be  exercised  to  prevent  them  from  becoming 
drawn,  as  stocky,  symmetrical  plants  produce  the  best  flowers.  They  should  be 
transplanted  to  the  open  when  the  weather  has  become  warm,  as  they  will  not 
stand  frost. 


FiouBB  35. — Snapdragon 

Poppy. — In  the  spring,  even  before  tulips  are  fairly  gone,  old  gardens  begin 
to  be  gay  with  poppies.**  No  other  plants  iK)sses8  so  bold  and  brilliant  a  flower, 
coupled  with  the  same  grace  of  stem,  airine^^s  of  poise,  and  delicacy  of  tissue. 
For  beds  and  borders,  with  a  background  of  gi*een,  there  Is  nothing  that  will 
produce  a  more  striking  contrast  than  their  white,  pink,  or  scarlet  flowers. 
Some  sorts  are  admirable  for  naturalizing  in  open  woo<led  grounds ;  others, 
like  the  beautiful  Shirley  poppy,"  may  be  used  for  cutting,  though  these  last 
only  a  few  hours. 

**Papaver,  several  species.  *^  Papaver  rhoeas  L. 
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A  sandy  loam  suits  popples  best.  As  their  strong  taproots  are  difficult  to 
transplant,  it  is  well  to  sow  tlie  seed  where  the  plants  are  to  bloom.  Sowing 
seed  just  before  winter  and  at  intervals  in  the  spring,  the  first  sowing  being 
while  the  ground  still  freezes  at  night,  will  provide  a  long  succession  of  flowers 
The  seeds  should  be  sown  thinly  and  covered  very  lightly,  as  they  are  Tery 
small.  As  soon  as  the  young  seedlings  are  we'l  established  the  plants  should 
be  thinned  to  stand  about  a  foot  apart.    The  plants  that  bloom  most  profusely 


Figure  36. — Garden  balsam 

are  those  grown  from  fall  or  early  spring  sowings  while  the  earth  Is  cool  and 
moist.  They  may  be  sown  as  early  as  the  soi^  can  be  worked.  They  are  well 
adapted  to  the  use  of  the  beginner. 

Snow-on-the-mountain. — Snow-on-the-mountain  ^  Is  a  strong-growing  hardy 
annual  foliage  plant  whose  attraction  lies  in  the  white  borders  to  the  brigM 
green  leaves.  ( Fig.  37. )  It  is  very  showy  in  mass,  but  needs  a  facing  of  otber 
plants,  as  it  is  apt  to  form  a  broad  head  with  few  branches  near  the  ground. 
Its  flowers  are  inconspicuous. 

*^  Euphorbia  maryinata  Pursh. 
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The  seeds  should  be  sown  In  the  open  ground  when  freezing  weather  is  past, 
or  earlier  under  glass.  The  plant  is  easily  handled  and  will  grow  in  almost 
any  soil,  but  it  makes  the  greatest  growth  where  there  is  plenty  of  fertility  and 
is  the  most  showy  on  poor  ground.     It  frequently  reseeds  itself. 

PLANTS   GROWING  ABOUT   18   INCHES   HIGH 

Plants  that  grow  about  18  inches  high  are  the  globe-amaranth, 
four-o'clock,  godetia,  Jobs-tears,  mignonette,  rose  everlasting,  and 
stock. 

Four-o*clock. — ^The  four-o'clock,"  sometimes  called  the  "  marvel-of-Peru,"  Is 
normally  a  perennial  in  its  native  region,  the  warmer  parts  of  America,  but 
under  garden  culture  gives  satisfactory  results  when  treated  as  an  annual. 
(Fig.  38.)  The  seed  may  be  sown  under  glass  and  the  plants  set  out  after 
danger  from  frost  is  past.    The  four-o'clock  is  often  used  as  a  low  screen  with 


PiauBir  37. — Snow-on-the-mouDtuiD 

good  results.    The  colored  part  of  the  flower  is  white,  various  shades  of  red 
and  yeUow^  and  striped. 

The  plant  is  a  quick-growing,  erect,  bushy  herb  that  is  easily  handled  and 
attains  a  height  of  18  inches.  Its  blooming  period  is  during  the  late  summer 
and  fall.  Because  of  the  habit  of  opening  its  flowers  only  late  in  the  afternoon 
and  on  cloudy  days  the  popular  name  four -o'clock  has  been  given  to- It.  While 
this  plant  is  a  tender  annual  in  the  northern  part  of  the  United  States,  it 
often  reproduces  itself  from  self-sown  seed,  and  even  as  far  north  as  New  York 
City  it  frequently  manifests  its  perennial  habit  of  developing  tuberous  roots 
suflBciently  large  to  be  lifted  and  stored  like  those  of  the  canna. 

'^MirabilU  jalapa  L. 
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Godetia. — The  godetia  *  is  a  close  relative  of  the  evening  primrose.  The  native 
California  godetias  are  spoken  of  as  "  farewell-to-spring.*'  It  is  a  choice  free- 
blooming  annual  with  widely  open  flowers  (fig.  39)  of  satiny  textnre  and 
delicate  rose,  light  purple,  and  white.  They  are  suited  for  solid  beds,  border 
lines,  for  pots,  and  to  grow  in  shrubbery  borders  in  shaded  places  where  few 
other  flowers  will  flourish.  The  seed  should  be  sown  in  the  ajpen  or  in  a  oold- 
frame  in  spring.  If  the  latter,  the  seedlings  should  be  transplanted  to  stand 
about  a  foot  apart  in  rather  thin  or  sandy  soil.  These  plants  are  saccessfolly 
treated  as  biennials  by  sowing  the  seed  In  July  and  In  the  North  transplaDting 
the  young  plants  to  a  coldframe,  to  be  placed  in  the  open  the  following  May. 
The  blooming  season  Is  from  early  spring  until  frost,  and  the  average  height 
of  the  plants  is  IV2  feet. 


Figure  38. — Four-o'clock 

Globe-amaranth. — The  globe-amaranth,*  sometimes  called  bachelor  button,  is 
an  attractive  and  useful  bedding  plant  growing  to  a  height  of  12  to  24  inches. 
The  flowers  are  predominently  red  and  somewhat  resemble  clover  heads. 
(Fig.  40.)  They  are  often  cut  as  everlastings.  The  seeds  should  be  sown 
in  the  op^n  ground  soon  after  freezing  weather  is  past,  or  they  may  be  started 
under  glass  if  desired. 

Jobs-tears. — Jobs-tears  **  Is  a  grasslike  annual,  suggesting  diminutive  com  In 
its  habit  of  growth.  {Tig.  41.)  Its  chief  attraction  is  the  beautiful  seeds 
that  are  often  used  as  beads.  The  plant  itself  is  graceful,  though  not  attaio- 
ing  a  height  of  over  18  inches  in  the  North.  In  the  South  it  grows  mnd» 
larger,  even  being  suggested  as  a  forage  crop.    About  the  date  of  the  last 

••  Qodetia  amoena  Lilja.         «  Oomphrena  aloJ)09a  L.  ">  Coix  lacrpma-johi  L. 
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frost,  seed  should  be  sown  where  the  pUuits  are  to  grow.     Two  or  three  plants 

may  grow  together  in  clumps  8  to  10  inches  apart. 

Mignonetfe. — Every  indoor  or  outdoor  garden  must  have  migncmette  "  in  plen- 
tiful supply.     The  seed  can  be  sown  at  any  time,  and  if  successive  plantings 

are  made  its  fragrant  modest-colored  flowers   (fig.  42)   may  l)e  gathered  out- 
doors until  November.     It  is  of  easy  culture.     For  t'arly  blooms  in  the  open, 

Heed  should  be  sown  in  pots 

or  boxes  under  glass  eight 

or  ten  weeks  before  danger 

of  frost    is   over    and    the 

seedlings  thinned  or  potted 

off  to   make  stocky   plants 

for  bedding  out  as  soon  as 

severe  frosts  are  past.    To 

in^^ure  a  succession  of  bloom 

throughout  the  season,  sow 

a  row  or  two  at  a  time  in      < 

tlie  open  about  two  or  three 

weeks  before  time  for  the 

Jast  frost,  repeating  regular- 
ly at  intervals  of  about  three 

weeks   until    August.     The 

July  sowing  will  make  good 

winter-flowering     plants. 

The     average     height     ot 

mignonettes   is    from   9   to 

18  inches. 

Rose  everlasting. — Rose  ev- 
erlasting,** listed  in  florists' 
catalogues  as  acroclinium,  is 

attractive  in  a  mixed  border 
and.  can  also  be  cut  as  an 
everlasting.  Its  flowers  are 
white  or  rosy  pink,  and  the 
plant  grows  to  a  height  of 
about  15  inches.  It  should 
be  sown  in  the  open  ground  J 
after  the  heaviest  frosts  are 
past. 

Stock. — Stocks"  are  easily 
grown,  vigorous,  have  good 
habits  (fig.  43),  fragrant 
flowers  in  various  colors,  a 
long  season  of  bloom,  and 
are  adapted  to  a  wide 
rang:e  of  cultural  conditions. 
Stocks  are  suitable  for  bed- 
ding, edgings,  pot  culture, 
house  or  conservatory  use, 
and  for  cutting.  For  bou- 
quets and  floral  work  the 
double  white  sorts  are  espe- 
cially u.seful,  although  there 
are  also  rose,  purple,  crim- 
son, and  other  colors.  To 
obtain   early   flowers,   seeds 

should  be  sown  under  glass  Figuue  30.— Godetia 

before  freezing  weather  is 
gone  and  the  young  seed- 
lings transplanted  when  an  inch  high  into  other  pots  or  boxes  or  into  the  fine  soil 
of  a  spent  hotbed.  Advantage  should  be  taken  of  showery  weather,  as  soon  as 
(lander  from  frost  is  pjist.  to  transfer  the  plants  to  garden  beils  of  deep  rich  soil, 
.setting  them  about  a  foot  apart  each  way.  As  with  other  plants,  frequent  trans- 
plau tings  during  the  early  stages  of  growth  tend  to  give  them  a  more  dwarf  and 

^  Reseiki  odorata  L.  ^  Matthiola  inrana  annua  Voss. 

^  HcUpterum  roseum  Benth.  and  otlier  species. 
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compact  habit.  For 
late  flowers  seed  sow- 
ings may  oe  made  in 
the  open  ^onnd  a  little 
before  the  last  frosts 
may  be  expected.  If 
plants  that  began  to 
bloom  late  are  capefully 
lifted  and  potted  in  the 
fall  they  will  flower 
freely  during  the  winter 
in  a  house  or  room  that 
is  tolerably  cool  and 
moist.  The  blossoms 
are  very  lasting.  Tbe 
average  height  of  the 
stocks  is  from  12  to  IS 
inches. 

PLANTS  GROWING 
ABOUT  12  INCHES 
HIGH 

Figure  40.— Globe-amaranth  .     Plants  that  are  12 

inches  high  and  of 
upright  growth  are  the  calendula,  some  dwarf  varieties  of  calliopsis, 
candytuft,  Cape-marigold,  French  marigold,  annual  (or  Drummood) 

nhlnv     r^inlr     TpplnnH 
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readily   grown    almost   anywhere.     They    should    be   placed    abont    8   or    10 
Inches  apart  if  planted  in  masses   (fig.  44)   or  in  borders.    The  seed  may  be 
sown  in  the  open  ground  quite  early  in  the  spring,  and  the  plants  will  be  in 
bloom  early  in  summer  and  continue  to  bloom  until  late  in  the  fall.    The 
coloring  of  the  flowers  ranges  through  all  shades  of  yellow,   from   ivory  to 
deep  orange.    The  plants  bloom  freely  and  earlier  than  the  marigold  and  are 
useful  in  beds,   borders,   or  backgrounds.     The   dried   flowers   are   sometimes 
used  for  flavoring  soups  and  stews.    There  are  both  single  and  double  forms 
of  the  pot  marigold.    One 
of  the  most  satisfactory 
methods  of  propagating 
this  plant  is  from  seeds 
sown    about    six    weeks 
before    danger    of    frost 
is  past,  in  spent  hotbeds 
or  in  coldframes.    About 
OP  a  little  after  the  date 
of  the  last  frost  it  will 
be  safe   to  transfer  the 
young  plants  to  their  per- 
nmnent  summer  quarters. 
C  a  n  d  ytuft.— Candy- 
tuft" is  among  the  best 
of  the  white  flowers  for 
edging    beds     (flg.    45)  ; 
for  planting  in  belts  or 
beds,    for    massing,    for 
rockeries,    and    for    cut- 
ting.    Several  of  the  va- 
rieties are  fragrant;  all 
are  profuse  bloomers  and 
are  easily  grown.    There 
are    also    crimson,    car- 
mine, and  lavender  vari- 
eties.    Soon  after  freez- 
ing weather  is  past  the 
seed  should  be  sown  out- 
doors  where   the  plants 
are     to     bloom.       They 
Bhould   be   well    thinned 
when    they   have   grown 
abouE    1    inch    high.     A 
second    planting    should 
be  made  a  month  later. 
and  a  third  late  in  July 
for     fall    flowers.     Sep- 
tember sowing  will  give 
winter -blooming   plants. 
The  soil  for  best  results 
Khould  be  rich   and   the 
plants    given    an    abun- 
dance  of   water.     They 
branch    freely,    audi    if 
Rome    of    the    buds    are 

removed   the  flowers   re-  Fiourb  42. — Mignonette 

malning  will  be  larger. 

Cape-marigold. — The  Cape-marigold,**  also  called  African  golden  daisy  (flg. 
40),  has  an  attractive  orange  to  deep-yellow  showy  flower  and  grows  1  foot  or 
more  high  and  as  broad.  It  is  especially  adapted  to  dry  sunny  locations.  Seed 
•should  be  sown  outdoors  after  freezing  weather  is  well  over,  or  it  can  be  sown 
L-arlier  under  glass  and  be  transplanted  to  flats  or  pots  and  then  set  in  the 
:>pen  ground  after  danger  from  frost  is  past 

French  marigold. — The  French  marigold  "  (flg.  47)  is  more  compact  and  regu- 
lar in  growth  than  the  African  marigold  and  consequently  is  more  valuable  as 

"^IheriB  umbellata  L.,  /".,  amara  h,  ^  Tagetea  patula  L. 

^  Dimorphotheoa  aumnHaca  DC. 
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a  bedding  or  low  border  plant.  The  habit  of  growth  is  erect  and  compact,  with 
good  foliage.  The  bright  yellow  and  orange  flowers  are  well  formed  and  oceur 
from  June  nntil  frost.  While  these  plants  can  be  grown  easily  and  are  mc- 
cessfuUy  brought  into  bloom  from  seeds  sown  in  the  open  after  danger  of  frost 
is  past,  they  do  not  give  as  early  bloom  or  the  profusion  of  flowers  that  will  be 
borne  by  plants  that  are  started  in  a  house  and  shifted  for  a  time  into  pots, 
which  confine  the  roots  and  check  the  plant,  so  tlmt  when  set  in  the  open 
ground  the  increased  food  supply  will  have  a  tendency  to  induce  the  derelop- 
ment  of  flowers  rather  than  wood,  a  tendency  which  will  be  likely  to  be  main- 


FiGURE  43.— Stock 

tained  throughout  the  season.  When  transferred  to  the  open  the  plants  should 
be  set  at  least  1  foot  apart  each  way.  The  same  distance  sliould  also  be  given 
the  plants  grown  from  seed  sown  in  the  open. 

There  are  both  double  and  single  forms  of  the  French  marigold.  The  named 
varieties  are  especially  good,  but  very  satisfactory  results  are  obtained  from 
mixed  seeds. 

Phlox. — Drummond  phlox "  is  particularly  useful  and  attractive  when  sovn 
in  masses  or  ribbon  beds  of  contrasting  colors.  Few  annual  plants  are  inor^ 
easily  grown  from  seed,  give  a  quicker  return  of  bloom,  or  offer  such  a  variety 


^  Phlox   drummondii   Hook. 
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to  choose  from  as  do  the  phloxes.  They  are  rich  in  reds,  with  a  few  varieties 
approaching  buff  and  lilac.  If  given  good  soil,  plenty  of  water,  and  full  sun- 
shine, they  furnish  throughout  the  season  a  supply  of  delicate  flowers  for  cut- 
ting. (Fig.  48.)  The  phloxes  are  also  useful  as  window-garden  plants  and 
may  be  used  as  an  undergrowth  for  tall  bare-stemmed  plants. 

The  first  sowing  of  seed  should  be  made  as  soon  as  frost  is  out  of  the  ground 
in  the  spring;  another  a  month  later,  either  where  the  plants  are  to  bloom  or 
in  a  seed  bed,  as  the  phlox  transplants  readily.  In  transplanting  set  the  taller 
Idnds  about  a  foot  apart.  If  planted  too  tliickly  they  suffer  from  mildew.  The 
removal  of  flowers  and  seed  pods  makes  the  plants  more  bushy  and  compact 
and  lengthens  their  blooming  period.  The  average  height  of  the  plants  is  about 
a  foot. 


FiGURB  44. — Calendula 


Pinks. — ^The  large  and  varied  genus  of  Dianthus  contains  some  of  our  most 
beautiful  and  most  profitable  flowers.  Most  are  liardy  perennials  that  bloom 
freely  the  flrst  season,  the  plants  remaining  green  all  winter  and  blossoming 
the  next  year  if  lightly  protected  by  a  mulch  of  straw,  cut  fodder,  or  leaves. 
Old  plants  flower  earliest,  but  as  young  ones  give  the  largest,  finest  flowers,  sow- 
ings are  made  every  year.  Seed  can  be  sown  under  glass  or  in  an  open 
sheltered  bed  as  soon  as  the  frost  is  out  of  the  ground.  The  seedlings  are 
easily  transplanted  and  should  stand  8  to  12  inches  apart;  dwarf  ones,  about 
6  inches.  K  especially  large  brilliant  flowers  are  desired,  a  bed  of  well-mixed 
turfy  loam,  leaf  mold,  and  well-decayed  manure  should  be  prepared  for  them. 
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Good  drainage  should  be  provided  as  the  plants  are  impatient  of  too  much 
moisture  and  are  more  liable  to  winterkill  in  moist  than  in  well-drained  sita- 
ations;  in  fact,  the  plant  is  hardy  t<»  severe  cold,  but  succumbs  when  exposed 
to  low  temperatures  in  wet  places.     Pinks  prefer  a  sunny  location. 

The  flowers  of  all  the  plants  of  this  group  are  most  satisfactory  for  boo- 
quets  and  table  decorations  because  of  the  length  of  time  they  will  keep  in  a 
fresh  and  attractive  condition  after  being  cut  and  placed  in  water.  Their 
colors  are  chiefly  white  and  shades  of  red. 

The  carnation  pink*  which  is  the  forcing  carnation  of  the  American  florist, 
can  be  grown  from  seeds,  but  it  usually  will  not  bloom  until  five  months  or 
more  from  planting.  The  seeds  should  be  sown  very  early  in  the  season  in 
hotbeds,   the  young  plants  being  given  frequent   shifts  to  iiots  of  increased 


Figure  45. — Candytuft 

size  as  they  grow,  until  all  danger  of  frost  is  past  and  the  growing  season  t 
well  on,  when  they  may  be  transferred  to  the  border  where  they  are  to  bloim 
If  they  are  given  a  rich  soil  and  an  abundance  of  moisture  the  blooms  will  xnor^ 
than  repay  the  extra  trouble  taken,  but  they  are  not  to  be  counted  on  for 
very  satisfactory  results  until  the  second  season.  Seedling  plants  are  in<»re 
variable  in  character  than  plants  propagated  from  cuttings,  and  for  that  rea- 
son seedUngs  are  not  used  by  florists  except  in  seeking  for  new  varieties.  On 
the  continent  of  Europe  this  type  of  dianthus  is  more  conunonly  used  as  » 
garden  annual  than  in  America. 

The  Chinese  pink,*"  which  is  somewhat  similar  to  the  Japanese  pink,  is  al»' 
a  satisfactory  plant  handled  in  the  same  way.  The  varieties  usually  offeiw 
are  double. 

^Dianthus  curyophyllus  L,  ^Dianthus   chincnaia  L. 
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The  fringed  pinks "  both  single  and  double,  are  admired  by  many  and  are 
easily  grown,  satisfactory  i)lants  that  do  \yest  in  poor  soil  witli  plenty  of  sun. 

The  double-cluster  pink,  often  called  by  seedsmen  hybrid  sweet-william,*" 
is  one  of  the  most  satisfactory  members  of  this  group  for  annual  planting. 
While  seed  can  be  sown  in  the  open  about  the  time  frosts  are  over,  the  best 
i-esults  in  the  way  of  early  bloom  come  from  plants  produced  from  seeds  sown 
JD  a  hotbeil  not  later  than  six  weeks  before  the  last  frosts,  the  young  plants 
being  pricked  out  into  flats  or  preferably  into  thumb  pots  and  later  shifted 
to  3-inch  pots  before  planting  in  the  flowering  boi-der.  The  outside  planting 
of  hotbed-grown  plants  should  be  delayed  until  the  season  has  advanced  sulfi- 
clently  to  prevent  the  plants  from  suffering  from  a  check  by  cold  after  being 


Figure  46. — Cape-marigold 

placed  in  the  open.  The  pot-grown  plants  should  be  set  at  least  10  inches 
apart,  and  see<Ilings  from  seeds  sown  in  the  open  had  best  be  thinned  to  stand 
at  least  8  inches  apart. 

One  of  the  handsomest,  most  easily  grown,  and  most  satisfactory  annual 
pinks  is  the  Heddewig  pink,  often  advertised  as  Ja!)anese  i>ink.*'  (Fig.  49.) 
Heeil  sown  early  under  glass  or  outdoors  as  soon  as  the  ground  is  settled  will 
give  blooms  by  midsummer  or  before,  and  the  plants  will  continue  blooming 
until  frost.  Seed  sown  later  will  give  some  very  late  blooms  and  an  abun- 
dance of  fine  flowers  the  next  spring.  There  are  both  single  and  double 
varieties. 

«  Dianthus  chincnais  lacinatus  Reprol. 

"  A  fiupposed  hybrid  between  Dianthti»  barbatus  and  D.  chinenais,  often  sold  under  the 
name   latlfoliuB  Hort. 

•i^J}ianthus  chinenais  laciniatus  Kegel. 
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The  Margnerlte  carna- 
tion** is  well  adapted  to 
cultivation  as  an  annual 
Most  of  its  flowers  ccmie 
double,  and  it  lias  a 
pleasing  habit  of  growth. 
The  grass-pink  *  is  a 
hardy  dianthus  wliich, 
when  treated  as  an  an- 
nual, like  the  hybrid 
sweet-william,  gives 
very  satisfactory  re- 
sulta  The  delicately 
fringed,  variously  col- 
ored, pink  and  wliite 
fragrant  flowers  give 
the  plant  an  odd  yet 
attractive  appearance. 
Tlie  sweet  -  william  ** 
of  old-fashioned  gar- 
dens is  a  perennial,  or 
at  least  a  biennial,  and 
needs  to  be  sown  in  the 
summer  for  satisfac- 
tory results  the  follow- 
ing year. 

NemopUla. — ^The  rep- 
resentatives of  the  genus 
Nemophila  ^  are  dwarf, 
compact-growing,  hardy 
annual  herbs,  about  12 
inches  in  height,  which 
Fkjubb  47. — irrench  marigold  produce    an    at 

of  showy, 
flowers  from  early  spring  to  late  fall,  for  which  reason  they  are 
borders  and  for  bedding  purposes.  All  the  species  may  be  propagated 
For  summer  and  late 
fall  blooms  the  seed  may 
be  sown  in  the  open  as 
soon  as  freezing  weather 
is  past,  the  plants  being 
left  without  transplant- 
ing. The  nemophilas 
love  a  cool,  moist  loam 
with  partial  sliade  and 
produce  an  abundance  of 
showy  blue,  violet,  and 
white  margined  and  dot- 
ted flowers,  whicli  are 
very  valuable  for  bedding 
and  for  cut  flowers. 
These  plants  are  espe- 
cially adapted  to  the 
cooler  parts  of  the  coun- 
try or  for  winter  culture 
in  the  South.  If  the 
seeds  are  sown  in  the 
oi>en  about  the  middle  of 
August  and  the  seed- 
lings transplanted  in  late 
autumn,  very  early 
flowers  may  be  ob- 
tained. Figure  48. — Drummond  phlox 


«  i.'^y^/**^  derived  from  Dianthus  chinensi8  and  some  other  species. 

^Dianthus  plumarius  L. 

*^  Dianthus  harhalus  L. 

^  yemophila  mcn^ksii  Hook,  and  Am. 
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Poppies.— The  Iceland 
poppy*  (flg.  50)  is  a 
dainty  and  attractive 
perennial  tliat  comes 
into  bloom  almost  as 
soon  aa  the  true  annual 
poppies.  It  grows 
about  a  foot  high  and 
bears  its  yellow,  white, 
and  deep-orange  flowers 
on  slender,  graceful 
stems.  If  cut  before 
opening,  the  blossoms 
keep  quite  satisfactorily. 
If  the  dead  blossoms 
are  kept  picked  off, 
the  plants  will  continue 
to  bloom  the  whole  sum- 
mer. Seeds  are  best 
sown  where  the  plants 
are  to  grow,  as  early  in 
the  spring  as  the  ground 
can  be  worked.  The 
plants  should  be  thinned 
to  about  a  foot  apart 

The  California- 
poppy*  is  the  State 
flower  of  California  and 

an  annual  of  striking  character  (flg.  51),  as  regards 
of  its  flowers,  which  are  bright  and  rich  in  their  tints 


PioDRB  49. — Heddewig  piiik 


FiGUBE  50. — Iceland  poppy 


both  the  form  and  the  color 
of  yellow  and  orange.  The 
plants  average  about  a 
foot  in  height,  have  at- 
tractive silvery  foliage, 
and  produce  their  large 
poppylike  flowers  quite 
lavishly  from  early  spring 
until  frost.  They  are 
most  effective  when 
grown  in  beds  of  consid- 
erable size,  over  which 
the  seed  may  be  thinly 
sown  broadcast  and  then 
lightly  raked  in.  These 
sowings  may  be  made 
early  in  the  spring  or 
late  in  the  fall  for  early 
germination  and  bloom 
the  next  spring.  The 
California-poppy  is  also 
very  useful  as  a  pot 
plant  and  for  cut  flowers. 
It  Is  easily  grown. 

Petunia. — Because  of 
the  ease  and  facility 
with  which  all  of  the 
single-flowered  varieties 
of  the  petunia^'  can  be 
grown  from  seed,  this 
plant  commands  atten- 
tion as  a  worthy  candi- 
date for  the  sunrmer 
flower  garden    (fig.  52). 


<^  Papaver  nudlcaulc  L. 

••  Eschscholtzia  calif omica  Cham. 

'^  Petunia  axillaris  B.  S.  P.  (P.  violacea). 
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The  young  plants  grow  rapidly  and  come  into  bloom  early,  and  in  addidoo 
to  this  tliey  furnish  a  continuous  wealth  of  blossoms  until  destroyed  bj  frost 
The  large-flowered  strains  are  very  beautiful  and  of  great  variety.  While  the 
single  sorts  are  common  and  inexpensive,  the  double  giant-flowered  nriedw 
are  expensive  because  they  must  be  reproduced  from  seed  which  sets  only  after 
careful  hand  pollination  of  the  flowers,  which  is  in  itself  an  expensive  (^ration, 
or  from  cuttings,  of  which  an  individual  plant  can  supply  but  a  limited  nomber. 
The  colors  range  from  white  through  rose  to  almost  purple. 

For  the  best  results  the  seeds  of  all  sorts  should  be  sown  in  a  gentle  hotbed, 
a  coldframe,  or  in  flne  soil  in  a  box  placed  in  a  sunny  window  before  or  by  tbe 


FiQURB  51. — California-poppy 

time  freezing  weather  is  over.  When  the  soil  has  warmed  sufficiently  and  tbr 
danger  of  frost  has  passed,  the  seedling  plants  should  be  transplanted  to  i 
rich  garden  loam  and  placed  about  a  foot  apart  each  way.  T^ie  seed  of  ^ 
double  varieties  is  less  vigorous  than  that  of  the  single  sorts ;  therefore,  to  Is- 
sure  good  germination,  more  attention  to  prevent  extremes  of  temperature  ^ 
of  moisture  is  required.  If  the  seeds  are  sown  in  boxes  in  a  living  room,  a  pw 
of  glass  may  be  kept  over  the  top  to  maintain  a  close  atmosphere  and  U* 
prevent  the  loss  of  moisture  until  the  young  ^ants  are  well  out  of  tbe  grouBi 
In  planting,  the  seeds  should  be  scattered  over  the  surface  of  the  soil  «^ 
brought  in  contact  with  it  by  firming.  They  should  not,  like  most  other  9^ 
be  covered.    In  transplanting,  the  weaker,  slower  growing  seedlings  should  fr^ 


Digiti 


zed  by  Google 


GEOWING   ANNUAL  FLOWERING   PLANTS  51 

be  ignored,  as  they  are  likely,  to  be  the  plants  that  will  produce  the  finest 
blossoms. 

Petunias  are  attractive  In  beds  and  masses,  serve  well  for  broad  borders  or 
bands,  and  thrive  well  in  window  boxes,  ^hey  are  not  exacting  as  regards  soil 
conditions,  thriving  well  in  almost  any  arable  soil,  and  they  endure  drought 
well  and  bloom  profusely. 

PLANTS  LESS  THAN  12  INCHES  HIGH 

There  are  several  desirable  annuals  for  ornamental  planting  that 
do  not  grow  to  a  height  of  a  foot.    Among  these  are  tne  ageratum, 


FiouBE  52. — Petunia 

ibelia,  dwarf  nasturtium,  pansy,  portulaca,  sweet  alyssum,  tagetes, 
)rget-me-not,  and  verbena,  while  the  cockscomb  has  dwarf  varieties 
.ss  than  a  foot  in  height. 

Agreratum. — For  strengthening  the  garden's  color  forces  in  blue,  no  annual  is 
gcKHl  as  the  ageratum."  Though  ordinarily  used  in  bedding  and  borders  in 
iitrast  with  such  plants  as  geraniums,  perillas,  amaranthus,  etc.,  the  rose, 
tiite,  and  blue  ageratums  are  exc€»edingly  attractive  when  mingled  with  sweet 
yssum,  candytuft,  and  similar  plants.  They  grow  well  upon  almost  all  soils 
id  through  a  wide  range  of  climate ;  for  that  reason  many  combinations  with 
em  are  possible.  The  plants  are  easily  grown,  neat,  bushy,  and  erect,  with 
t*ontinnal  profuse  clustering  of  pretty  brushlike  flowers  (fig.  53)  throughout 

n.  ^^jE&rotKfnb  oonusfoides  L.,  A.  tvoustonianum  Mill. 
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the  season.  The  dwarf  blue  sorts  make  fliie  borders  and  are  much  used  where 
contrasting  color  effects  are  desired.  For  early  results  the  seed  should  be 
sown  in  coldframes  or  boxes  in  the  house  early  in  the  season  before  freezing 
weather  is  past,  but  for  summer  and  fall  blooms  the  seeds  may  be  sown  in 
well-prepared  beds  in  the  open  after  the  ground  stops  freezing.  Seeds  sowd  in 
August  will  produce  good  plants  for  winter  flowering. 

Lobelia. — The  lobelias"  are  charming  little  plants  that  bloom  very  qnickly 
from  seed  and  continue  gay  with  flowers  all  through  the  season.  For  beds 
edgings,  baskets,  and  pots  there  is  nothing  prettier ;  their  clear  white,  and  sba(^ 
of  blue,  and  their  generous  bloom  make  them  welcome  anywhere.     (Fig.  54.i 


Figure  53. — Ageratum 

The  seeds  may  be  sown  outdoors  in  early  spring  where  the  plants  are  to  grow 
As  the  plants  appear  they  should  be  thinned  moderately  or  transplanted  seTertl 
inches  apart  in  rich  open  soil.  Liquid  manure  applied  while  they  are  in  bl^'S 
greatly  improves  the  flowers.  Many  sorts  are  also  good  winter  conservaU^ 
plants  of  trailing  habit.  There  are  perennial  or  tall  varieties  that  are  handssa^'- 
showy  plants  with  red  or  with  blue  flowers,  quite  effective  for  background  i^ 
grouping. 

Dwarf  nasturtium. — A  wide  range  of  color  has  been  developed  in  the  dwarf Jf 
Tom  Thumb  nasturtlum,'^^  which  for  three  or  four  months  of  the  season  m^ 
a  better  display  than  almost  any  other  plant.  (Fig.  55.)  No  anniwl  «* 
produce  such  a  profusion  of  flowers  for  so  long  a  time  with  the  same  oolMf 

"  Lohelia  erimis  L.  "  Tropacolum  rnaj'us  nanum  Hort. 
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of  time  and  labor.  The  maximum  of  bloom  is  produced  on  thin  soil,  and  the 
plant  never  flags  through  the  hottest  weather;  in  fact,  too  much  rain  or 
moisture  greatly  reduces  the  supply  of  flowers.  In  soil  too  rich  the  leaves  pre- 
dominate and  the  plants  are  apt  to  rot  off  in  wet  weather,  especially  if  standing 
too  close.  The  seeds  should  be  planted  an  inch  deep  just  after  the  last  frost, 
and  the  seedlings  should  be  thinned  to  10  or  12  inches  apart.  The  rows  should 
be  not  less  than  a  foot  apart. 


Figure  54. — Lobelia 


F'louRE  55. — Nasturtium 

These  plants  have  a  neat,  compact  habit  of  growth  and  attractive  foliage 
nd  are  not  infested  by  insects.  Blossoms  appear  in  two  months  from  the 
ate  ot  seed  sowing  and  continue  throughout  the  whole  season.  A  bed  of  dwarf 
asturtlums  in  full  bloom  is  a  sea  of  yellow  and  orange,  mixed  with  browns, 
laroons,  and  lemon.  It  is  said  that  a  good  bed,  6  by  20  feet  in  size,  will  yield 
^x»ut  1,000  flowers  each  day.     The  average  height  is  9  inches. 
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Pansy. — The  pansy,'*  sometimes  called  heartsease  (fig.  56),  is  a  favorite  with 
almost  everyone.  The  flowers  are  usually  yellow  or  puri)le^  more  or  less 
splotched,  sometimes  almost  white  or  almost  black.  The  pansy  is  a  plant  tluit 
demands  more  than  ordinary  attention,  but  none  repays  such  attention  more 
liberally.  For  very  early  outdoor  bedding  the  seed  is  sown  in  the  fall  (Sep- 
tember) in  a  coldframe  or  in  rich  moist  garden  beds,  from  which  the  plants 
can  be  transferred  before  severe  winter  weather  begins.  South  of  St.  Louis 
and  Cincinnati  the  transplanting  can  be  to  the  beds  where  they  are  to  bloom. 

North    of    these    cities 
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or  unexpected  gaps  in  flower  beds;  as  an  undergrowth  for  taller  plants  it  is 
also  valuable.  It  carpets  the  ground  with  a  mat  of  succulent  foliage  that  in 
the  forenoon  is  hidden  by  the  gayest  flowers,  ranging  throu^rh  the  reds  and 
yellows.  The  plant  is  particularly  useful  in  the  Northwest.  The  seed  does  not 
germinate  until  hot  weather  and  should  be  sown  late.  Beyond  the  sowing  this 
plant  requires  little  care.  The  endurance  of  the  plant  is  shown  by  the  fact 
that  It  can  be  transplanted  while  in  full  flower  through  the  driest,  hottest 
seasons.    The  average  height  is  6  inches. 

In  the  southern  half  of  the  country  portulaca  will  perpetuate  itself  by  self- 
sown  seeds.  In  some  soils  this  is  sufiieient  to  cause  the  plant  to  assume  a 
weedy  character.  It  never  becomes  troublesome  like  its  near  relative,  the  weedy 
garden  purslane  or  "pusley"  (Portulaca  oleracea). 

Sweet  alyssum. — Sweet  alyssura  "*  is  a  most  easily  grown,  dainty  little  white 
flower,  recommended  to  be  used  liberally  for  borders,  edging,  baskets,  pots, 
rockwork,  and  for  cutting.  (Fig.  58.)  For  borders  the  seed  should  be  sown 
thickly,  so  as  to  form  masses.  For  winter  bloom  sow  late  in  August  and  thin 
the  seedlings  to  stand 
about  4  inches  apart, 
but  for  spring  bloom  for 
borders  the  seeds  should 
be  sown  in  the  open 
early  in  the  spring,  or 
even  late  in  the  prece<l- 
ing  fall  in  some  locali- 
ties. Where  the  plant 
will  not  endure  the 
winter,  however,  early 
spring  planting  under 
cover,  either  in  a  cold- 
frame,  a  spent  hotbed 
or  in  boxes  in  a  dwell- 
ing, is  most  to  be  relied 
upon.  It  can  also  be 
increased  from  cuttings 
made  from  strong  new 
side  shoots,  as  well  as 
by  division  of  the  roots. 
By  cutting  back  after 
the  first  flowers  fade 
otbers  will  be  produced. 
The  Carpet  of  Snow 
variety  is  only  about  4 
litciKes  high  and  is  prob- 

alAy    one    of    the    most  li'iouBE  58. — Sweet  alyssum 

satisfactory,       as       its 

liabit  of  growth  is  so  compact  that  blooms  that  die  during  the  season  do  not 
Sive  it  the  ragged  appearance  sometimes  seen  in  the  larger  varieties.  It  blooms 
c<»tinually  from  spring  till  fall.  While  sweet  alyssum  is  white,  there  are 
perennial  varieties  that  are  yellow. 

Dwarf  marigold. — Dwarf  marigold,"  or,  as  it  is  frequently  listed  in  catalogues, 
tagetes,  is  the  very  dwarf,  compact  single  marigold  with  almost  fernlike  leaves. 
The  plants  are  scarcely  more  than  8  inches  tall  and  bear  freely  their  bright 
yellow  blossoms.  They  can  be  started  in  the  open  ground  soon  after  freezing 
^wreather  is  past  and  are  readily  grown. 

Verbena. — The  verbena ''  is  a  low-growing  annual  with  a  creeping  habit.  The 
flowers  are  borne  on  terminal  or  lateral  shoots  which  lift  themselves  from 
5  to  7  inches  ofl!  the  ground,  and  when  grown  in  mass  the  plants  will  form 
n  mat  that  in  full  bloom  will  give  the  soil  the  appearance  of  having  a  carpet 
of  flowers.  Because  of  the  ability  of  the  plant  to  form  a  compact  growth  and 
Ijroduce  a  wealth  of  flowers  over  a  long  period,  the  verbena  is  frequently  used 
as  a  bedding  plant  where  carpet-bedding  effects  are  desired.  The  contrasting 
colors   in   the  varieties,   which   come   true   from   seed,    allow   the  securing  of 

''^Lobularia  mnritima  Desv.      (Alyssum  maritimum). 
"  Tagetes  siffnata  punvUa  Hort. 

™  Verbena  chamaearyfoUa  Juss.,  V.  ohlogiflora  Cham.,  V.  teuorioides  Gill,  and  Hook., 
T.  inciaa  Hook. 
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pleasing  combinations  which  are  effective  where  low-growing  plants  can  be 
used.  The  colors  include  white,  pink,  scarlet,  blue,  and  purple.  The  length  of 
stem  and  the  texture  of  the  flower  (fig.  59)  are  such  that  the  verbena  is  of 
value  for  bouquets  and  table  decorations.    It  can  be  used  with  good  elTect  for 

beds,     borders,     mounds,     and     window 
boxes. 

While  the  verbena  grows  readily  from 
cuttings  and  from  layers,  seedling  plants 
are  more  vigoraus  and  as  a  rule  pro- 
duce better  flowera  For  the  eurliest 
bloom,  sow  the  seeds  at  least  a  month 
before  the  ground  stops  freezing  at  night, 
starting  them  in  a  moderately  warm  liv- 
ing room  or  greenhouse.  For  general 
outdoor  planting  the  seeds  may  be  sown 
about  five  or  six  weeks  before  the  last 
frost  either  in  a  living  room,  a  hotbed* 
or  a  greenhouse.  Soak  the  seeds  a  few 
hours  in  tepid  water  and  sow  in  seed 
boxes  filled  with  light  rich  soil;  cover 
one-fourth  of  an  inch  deep,  press  down 
fimriy,  and  water  sparingly.  When  the 
seedlings  are  about  an  inch  high  trans- 
plant them  into  other  boxes,  placing  the 
young  plants  2  or  3  inches  apart  each  way. 
If  thumb  pots  are  available,  use  these  in 
place  of  boxes.  When  all  danger  of  frost 
is  past  choose  a  bright,  sunny  situation 
in  which  to  plant  them.  Make  the  soil 
rich  and  compact  rather  than  light,  bot  in 
all  cases  provide  good  drainage.  Set  the 
young  plants  10  to  15  inches  apart  each 
way  and  give  good  cultivation  until  they 
cover  the  ground.  With  such  treatment 
Figure  59.— Verbena  the  verbena  should  give  continuous  btoom 

from  early  summer  until  killed  by  frost 
Forgct-mc-not. — The  dainty  little  blue  flowers  commonly  known  as  forget-me- 
nots  ^*  are  liurdy  perennials  that  love  cool,  moist  soils  and,  like  pansies,  bloom 
most  freely  in  fall  and  early  spring.     There  is  also  an  annual  species,  with 
several  varif^tiea.     Thpv 
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PLANTS  FOR  SPECIAL   SOILS   OR  CONDITIONS 

Some  pjants  that  are  desirable  for  special  conditions  are  specified 
in  the  f (Slowing  lists: 

For  bright  sunshine  with  plenty  of  fertility  and  moisture:  Over  4  feet  high, 
castor-bean,  cosmos,  sunflower,  sorghum,  feterita,  milo,  and  Indian  corn;  over 
3  feet,  Josephs-coat,  love-lies-bleeding,  feather  cockscomb,  orange  sunflower, 
princesfeather,  spiderflower,  and  summer<vvpress ;  30  inches,  cornflower,  lark- 
sptur,  scabiosa,  scarlet  sage,  strawflower,  and  zinnia ;  24  inches,  balsam,  calliop- 
sis,  China-aster,  summer  chrysanthemum,  cockscomb,  coneflower,  four-o'clock, 
gaillardia,  Aztec  marigold,  platycodon,  poppy,  salpiglossis,  snapdragon,  and 
snow-on-the-mountaln ;  18  inches.  Jobs-tears,  mignonette,  and  stock;  12  inches, 
calendula,  California-poppy,  calliopsls,  candytuft,  French  marigold,  petunia, 
Drummond  phlox,  pink,  and  Iceland  poppy;  under  12  inches,  ageratum,  cocks- 
comb, lobelia,  portulaca,  sweet  alyssum,  and  verbena. 

Of  easiest  culture  under  ordinary  garden  conditions :  Over  4  feet,  sunflower ; 
about  3  feet,  Josephs-coat,  love-lies-bleeding,  heliopsis,  and  princesfeather; 
about  30  Inches,  cornflower,  strawflower,  and  zinnia ;  about  24  inches,  calliopsls, 
summer  chrysanthemum,  coneflower,  gaiUardia,  marigold,  poppy,  and  snow-on- 
the-mountain ;  about  18  inches,  mignonette;  about  12  inches.  Cape-marigold, 
calendula,  California-poppy,  balsam,  candytuft,  petunia,  Drummond  phlox,  pink, 
dwarf  nasturtium,  i)ortulaca,  and  sweet  alyssum. 

On  light  fertile  soil:  GaiUardia,  marigold,  Drummond  phlox,  and  portulaca. 

On  light  soil,  not  too  rich :  Cockscomb  and  feather  cockscomb. 

On  poor  soil:  Love-lies-bleeding,  princesfeather,  Josephs-coat,  Cape-marigold, 
godetia,  dwarf  nasturtium,  portulaca,  grass-pink,  sweet  alyssum,  garden  balsam, 
and  calliopsls. 

On  lands  near  the  seacoast :  Plants  from  the  three  foregoing  lists,  depending 
on  the  fertility  of  the  soil,  together  with  the  castor-bean,  sunflower,  helioi;)slsi 
spiderflower,  cornflower,  strawflower,  zinnia,  calliopsls,  snow-on-the-mountain, 
four-o'clock,  stock,  calendula,  California-poppy,  petunia,  and  sweet  alyssum. 

In  partial  shade:  Basketflower,  sweet-sultan,  clarkia,  platycodon,  godetia, 
Drummond  phlox,  pansy,  sweet  alyssum,  lupine,  and  forget-me-not. 

Eispecially  responding  to  rich  soil:  Castor-bean,  scarlet  Sage,  balsam,  and 
China-aster. 

To  cut  for  everlastings:  Rose  everlasting,  feathered  cockscomb,  globe-ama- 
ranth, and  strawflower. 

Not  adapted  to  the  South  except  for  late  and  early  spring:  Salpiglossis,  pansy, 
and  forget-me-not. 

Plants  that  can  be  started  to  advantage  in  hotbeds  and  coldframes  for  early 
flowering,  whether  they  are  to  be  used  for  bedding  punwses  or  for  cut  flowers : 
Ageratum,  China-aster,  calliopsls,  castor-bean,  calendula,  cosmos,  cockscomb, 
chrysanthemum,  godetia,  lobelia,  marigold,  petunia,  grass-pink,  scarlet  sage, 
^derflower,  and  verbena. 

Some  plants  that  may  be  sown  in  beds  in  the  open  ground  and  later  trans- 
planted to  their  permanent  locations  are  ageratum,  calendula,  calliopsls,  China- 
aster,  clarkia,  cockscomb,  dahlia,  gaiUardia,  godetia,  lobelia,  mignonette,  pansy, 
pink,  snapdragon,  spiderflower,  stock,  and  zinnia.  Most  of  these  may  be  sown 
earlier  In  a  hotbed  or  coldframe  and  thus  be  made  to  bloom  earlier. 

Some  should  be  sown  in  the  open  ground  where  the  plants  are  to  grow. 

Among  those  that  should  be  sown  early  in  that  way  are  alyssum,  California- 
poppy,  candytuft,  cornflower,  forget-me-not,  mignonette,  nemophila,  Drummond 
phlox,  sunflower,  poppy,  and  sweet  alyssum. 

Among  those  that  should  be  sown  late  in  this  manner  after  the  ground  is 
warm  are  the  castor-bean,  sorghum,  milo,  feterita.  Indian  corn,  garden  balsam, 
portulaca,  and  four-o'clock. 

For  August  and  September  sowing:  Forget-me-not,  pansy,  cornflower,  pink, 
and  snapdragon. 

See<l8  that  may  be  sown  on  well-prepared  ground  just  before  winter  for  early 
spring  germination  or  on  fall-prepared  ground  very  early  in  the  spring  while 
the  soil  still  freezes  at  nij^ht  are  the  poppy,  cornflower,  cosmos,  summer- 
cypress,  larkspur,  snapdragon,  snow-on-the-mountaln,  and  sweet  alyssum. 

Flowers  that  are  white  or  with  pure  white  varieties :  4  feet,  cosmos ;  3  feet, 
dahlia  and  sweet-sultan;  2Mi  feet,  clarkia,  cornflower,  larkspur,  and  scabiosa; 
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2  feet,  babysbreath,  China-aster,  summer  chrysanthemum,  lupine,  ballogn- 
flower,  snapdragon,  garden  balsam,  and  poppy;  1%  feet,  godetia,  four-o'dock, 
rose  everlasting,  and  stock;  1  foot,  candytuft,  Iceland  poM>y,  petunia,  agera* 
turn,  lobelia,  portulaca,  sweet  alyssum,  and  verbena. 

Flowers  having  varieties  mixed  with  white:  3  feet,  dahlia;  2%  feet,  salpi- 
glossis ;  1  foot,  nemophila,  pansy,  petunia,  and  pink. 

Flowers  yellow  or  with  yellow  varieties:  4  feet,  sunflower,  feather  cocks- 
comb, and  dahlia ;  2^  feet,  strawflower,  sunflower,  and  zinnia ;  2  feet,  calliop- 
sis,  summer  chrysanthemum,  Aztec  marigold,  snapdragon,  and  four-o'clock; 
1  foot,  calendula.  Cape-marigold,  French  marigold,  Iceland  poppy;  Califomla- 
poppy,  dwarf  marigold,  and  portulaca. 

Flowers  having  varieties  mixed  with  yellow :  4  feet,  dahlia ;  2  feet,  calliopsis, 
rudbeckia,  salpiglossis,  and  summer  chrysanthemum;  1^  feet,  four-o'clock; 
1  foot,  dwarf  nasturtium  and  pansy. 

Flowers  of  orange  color  or  with  orange  varieties :  3  feet,  heliopsis ;  2^  feet, 
zinnia ;  2  feet,  Aztec  marigold ;  1  foot,  calendula,  Cape-marigold,  French  mari- 
gold, and  California-poppy. 

Flowers  having  varieties  mixed  with  orange :  2  feet,  gaillardia ;  1  foot,  dwarf 
nasturtium  and  French  marigold. 

Flowers  lavender  or  with  lavender  varieties :  3  feet,  basketflower  and  sweet- 
sultan  ;  2V2  feet,  larkspur ;  2  feet,  China-aster;  1%  feet,  candytuft ;  1  foot,  Dnnn- 
mond  phlox,  nemophila,  and  pansy. 

Mowers  having  varieties  mixed  with  lavender :  2%  feet,  salpiglossis ;  1  foot 
pansy. 

Mowers  blue  or  with  blue  varieties:  2%  feet,  cornflower  and  larkspur;  2  feet, 
lupine  and  balloon  flower ;  1  foot,  nemophila,  ageratum,  lobelia,  verbena,  and 
forget-me-not 

Flowers  purple  or  with  purple  varieties :  3  feet,  sweet-sultan  ;  2^  feet,  darkia 
and  scablosa;  2  feet,  China-aster,  1%  feet,  stock;  1  foot,  verbena. 

Flowers  having  varieties  mixed  with  purple:  2%  feet,  salpiglossis;  1  foot, 
pansy. 

Flowers  pink  or  with  pink  varieties :  4  feet,  cosmos ;  3  feet,  dahlia ;  2^  feet, 
larkspur  and  zinnia;  2  feet,  China-aster,  garden  balsam,  and  poppy;  1%  feet, 
rose  everlasting!  1  foot,  Drummond  phlox,  pinks  (including  camatloDS), 
portulaca,  and  verbena. 

Flowers  having  varieties  mixed  with  pink:  3  feet,  dahlia;  1  foot,  pinks  (in- 
cluding carnations). 

Flowers  salmon  or  with  salmon  varieties :  3  feet,  dahlia ;  2%  feet,  clarkia ;  2 
feet,  snapdragon  and  poppy ;  1  foot,  Drummond  phlox. 

Flowers  having  varieties  mixed  with  salmon  pink:  3  feet,  dahlia;  1  foot 
Drummond  phlox. 

Flowers  scarlet  or  with  scarlet  varieties :  3  feet,  dahlia ;  2%  feet,  scarlet  sage 
and  zinnia;  2  feet,  snapdragon,  poppy,  and  four-o'clock;  1  foot,  Drummond 
phlox,  pinks  (including  carnations),  dwarf  nasturtium,  portulaca,  and  verbena. 

Mowers  having  varieties  mixed  with  scarlet:  3  feet,  dahlia;  2  feet,  snap- 
dragon and  poppy;  1  foot,  Drummond  phlox,  pinks  (including  carnations),  and 
dwarf  nasturtium. 

Flowers  rose  or  crimson  or  with  rose  or  crimson  varieties:  4  feet,  coanos: 

3  feet,  princesfeather,  feather  cockscomb,  sweet-sultan,  and  splderflower:  2^ 
feet,  clarkia,  cornflower,  scabiosa,  and  zinnia;  2  feet,  garden  balsam,  Gfaina- 
aster,  cockscomb,  and  lupine;  IMi  feet,  godetia,  four-o'clock,  globe-amarantlt 
stock,  and  candytuft ;  1  foot,  Drummond  phlox,  petunia,  and  portulaca. 

Flowers  having  varieties  mixed  with  rose  or  crimson:  1  foot,  Drummm^ 
phlox  and  petunia. 

Plants  used  for  their  foliage  or  chiefly  for  it,  the  foliage  being  green  unless 
otherwise  noted:  4  feet,  castor-bean  (bronze  and  green  ^parate),  sorghum, 
feterita,  milo,  broomcorn,  and  Indian  corn;  3  feet,  Josephs-coat  (red,  yellow, 
and  green  mixed),  love-lies-bleeding  (red),  summer-cypress  (pea  green  tumiof 
crimson  in  late  summer)  ;  2*4  feet,  annual  i)oinsettia  (scarlet  leaves  in  late  sum- 
mer) and  snow-on-the-mountain  (white-edged  leaves) ;  1%  feet.  Jobs-tears;  1 
foot,  mignonette  (a  greenish  flower  grown  for  its  sweet  odor,  but  in  its  gardes 
decorative  value  comparable  to  a  plant  grown  for  its  foliage). 
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THE  PRINCIPAL  CHARACTERISTICS  OF  SOME  ANNUAL  FLOWERING 

PLANTS 

The  following  list  presents  in  easily  accessible  form  the  principal 
characteristics  of  some  annual  flowering  plants. 

Some  annual  flowerinff  planiSy  shovHng  their  hardkiess,  height  of  growth,  color 
of  flotc^rs,  etc,;  also  the  page  in  this  bulletin  where  a  description  of  each 
plant  and  directions  for  its  culture  will  be  found 


Common  name 


J 

HI 


Grown  for 

flowers  or 

foliage 


Color  of  flow- 
ers or  foliage 


PrefSerenoe  for 
sun  or  shade 


Hardiness  to 
cold 


icrodinium.  See  Rose  everlast- 
ing. 

ifrican  golden  daisy.  See  Cape- 
marigold, 

African  marigold.  See  Marigold, 
Aztec. 

SLgeratum 


UysBum,  sweet 

Amaranth,  globe.  See  Globe-am- 
arantti. 

Imaranthos  candatos.  See  Love- 
lies-bleeding. 

Imaranthas  cruentus.  See 
Princesfeatber. 

Lmaranthus  tricolor.  See 
Josephs-coat. 

Lntirrninnm.    See  Snapdragon. 

Lster,  China.    See  China-aster.... 

kztec  marigold.  See  Marigold, 
Astec. 

Ubys  breath 

laebelor  button.  See  Corn- 
flower. 

lalloonflower 


balsam 

iasketflower.. 


lean,  castor.    See  Castor-bean, 
tellflower,  Chinese.    See  Balloon- 
flower. 

tellflower,    Japanese.    See    Bal- 
loonflower. 

lelvedere- 

ilack-eyed-susan.  See  Rudbeckia. 
ilanketflower.    See  Qaillardia. 
luebottle.    See  Cornflower, 
laet.    See  Cornflower. 

roomoom. 

alendola 

alifomia-poppy 

alliopsis 

andFtoft 


ape-marigold 

amation.  Marguerite.  See  Pink, 
arpec  of  Snow  alyssum.  See 
Alyasnm,  sweet. 

astor-bean 

astor-oil  plant.  See  Castor-bean, 
elosia  plumoaa.  See  Cocks- 
comb, feather. 

entaurea  americana.  See  Bas- 
ketflower. 

entaurea  cjranus.  See  Corn- 
flower. 

entaurea  imperialis.    See  Sweet- 
sultan, 
hina-aster , 


hinese  bollflower.    See  Balloon- 
flower, 
hinese  ptnk.    See  Pink. 


l« 


Flowers.. 


do. 

..ao. 


..do. 

do. 

...do. 


.do. 


Flowers.. 


Blue,    white, 

rose. 

White 

Crimson     or 

rose. 


Purple,    rose, 
wnite. 


....do.. 


Foliage.. 

....do.. 
Flowers. 
..-.do.. 
....do.. 
....do.. 

....do.. 
Foliage.. 


White.. 


Blue,  white.. 

Rose,      pink, 

white. 
Rose,  lavender 


Pea  green. 


Green 

Yellow,  orange 

do 

Yellow,  brown 
Crimson,  lav- 
ender, white. 
Orange,  yellow 


Oreen,  bronze. 


Purple,   roee. 


urple, 
white. 


Sun., 


do. 

do. 


do 


.do. 


Sun,     partial 

shade. 
Sun 


Sun,     slight 
shade. 


Sun. 


..do. 

..do. 
do. 

..do. 
do. 


..do... 


Full  sun. 


Sun.. 


Tender 

Very  hardy 
Hardy 


Half  hardy- 


Hardy. 


....do-. 
Tender.. 
Hardy.. 


61 


65 

40 


28 

27 

36 
36 
18 


Very  hardy 


Tender 

Half  hardy- 
Very  hardy 

Tender 

Hardy 

do 

Tender 


17 
42 
49 
27 
48 


16 


Half  hardy.. 
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Some  annual  flowering  pUmis,  Mhowing  their  hardiness,  height  of  grtiwlh,  coior 
of  flowers,  etc. — CoDtinned 


Common  name 


Grown  for 


'wfii    flowers  or 
•=S,       foliage 


Chrysanthemum,  summer 2 

ClarW 


2H 


Cleome    spinosa.      See    Hpider- 

flower. 
Cockscomb. 


Cockscomb,  feather 3 


(^ockscomb,  plumed.    See  Cocks- 
comb, feather. 
Coneflower.    See  Rudbeckla. 
(Coreopsis.    Bee  Calliopsls. 
Corn,  broom.    See  Broomcorn. 

Corn,  Indian 

Cornflower 


Cosmos 

(>pr««s,  summer.    See  Hummer- 
cypress. 
Dablla 


Daisy.  A  frican  golden.    See  Cape- 
marigold. 

Delphinium.    See  Larkspur. 

Dlanthus.    See  Pink. 

Dimorphotheca.    See  Cape  mari- 
gold. 

Drummond    phlox.    See    Phlox, 
Drummond. 

Dwarf  marigold.    See  Marigold, 
dwarf. 

Dwarf  nasturtium.    See  Nastur- 
tium, dwarf. 

Euphorbia.       See    8now-on-the- 
mountain  and  Poinsettla. 

Everlasting,  rose.    See  Rose  ever- 
lastinff. 

Farewell-to-spring.    See  Qodetia.  I 

Feather  cockscomb.    See  Cocks-  I 
comb,  feather. 

Fetertta 

Fir»>  plant,  Mexican.    See  Poin- 
settla. 

Flame  plant,  Mexican.    See  Sum- 
mer-<'yi^rt«s. 

FUwstiowor.    See  Ageratum. 

FormM-me-not 


4+ 


Flowers-. 
do.... 


do.. 

do- 


Foliage.. 
Flpwers. 

....do... 
....do.... 


Foliage.. 


Flowers.. 


FvHir-o'clock '  iH do 


I 


-do... 


French  marigold.    See  Marigold,  . 

FrtMich.  I 

Oaillartila. 2 


UlolMHtntaranth IH do-~ 

....do.- 


i^low.  K\Udcn,    See  Rudbeckla.      * 
UiKlotia IH. 


Color  of  flow- 
ers or  foliage 


Preference  fior 
sun  or  shade 


YeUow,  white. 
Salmon,  white. 


Crimson 

C  r  i  mson, 
yellow. 


Oreen 

Blue,       rose, 

white. 
Rose,      pink, 

white. 

Red,    yellow, 
white. 


Green.. 


Sun. 

Sun,     partial 
shade. 


Sun 

do.. 


.....do 

Sun,  shade.. 

Full  sun 


Sun.. 


L 

HardiooBtBjS 

COM       fzl 


Tender !  » 

Hardy :  a 


Tender. 

do 


do n 

Very  lardy.  » 

Hardy M 

Tender 


Fnna 


Blue PartU 

Crimson,  yel-  ■  Sun. 

low,  white.    \ 


Orange,  csint' 


Im'!;  i^hnna.   ^wJloN^amaranth. 

1  u      ^  ■  N  sum .    S<v  >:  I atv tVvrer. 

H.'  -;xs:>        ,  ..  


Crimson  or  " da_ 

rose.  , 

.'  Rose,  light     SaB.W 
i      purple, 
white. 


do- 


Orange... 


^ 31 


\^'  V*"k      S^  l^rk. 


:H  Foltage  and 

fruit, 
I       Foii^e. 


Red,  yelWv.     Ftf 
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Stmte  (umual  pfwerinff  plants,  ahouHng  their  hardinesa,  height  of  ffrowih,  color 
of  flowers,  etc, — CJontlnued 


Common  namo 


I 

r 


KaiserUume.    See  Cornflower. 
Kochia  sooparia.    See  Summer- 
cypress. 
Ladyslipper.    See  Balsam. 
Larkspur 


Lobelia. 

Love-lies-bleeding. . 
Lupine 


Marguerite  carnation.    See  Pink. 
Marigold,  African.    See  Marigold, 
Aztec. 

Marigold,  Aztec 

Marigold,  Cape.    See  Cape-marl- 

Marigold,  dwarf. 

Marigold,  French 


Marigold,  pot.    See  Calendula. 
Marvd-of-Peru.  See  Four-o'clock. 
Matthiola.    See  Stock. 
Mexican  Are  plant.  SeoPoinsettia. 
Mexican  flame  plant.    See  Sum- 

mer-cypreas. 
Mignonette 


Mflo 

Mourning  bride.    See  Scabiosa. 
Nasturtium,  dwarf. 


Nemophila.. 


Niggerhead.    See  Rudbeckia. 
Orange  sunflower.    See  Heliopsis. 
Painted  leaf.    See  Polnsettia. 
Painted  tongue.    See  Salpiglossis. 
Pansy 


Petunia.. 


Phka,  Drummond 

Phlox  drunmiondii.    See  Phlox, 

Drummond. 
Pincushion  flower.    See  Scabiosa. 
Pink 


Pink,  Chinese.    See  Pink. 
Ptnk.  grass.    See  Pink. 
Pink,  Japanese.    See  Pink. 
Pink,  Scotch.    See  Pink. 
Platycodon.    See  Balloonflower. 
Plumed  cockscomb.    See  Cocks- 
comb, feather. 
Poinsettia. 


Poppy 

Poppy,  California.  See  Califomia- 

_  poppy. 

Poppy,  Iceland 


Poppy,  Shirley. 
Porulaca 


IH 

4+ 
1 


2H 


See  Poppy, 


Pot  marigold.    See  Calendula. 
Princesfeather 

Ragged-robin.    See  Cornflower. 
Ragged  sailor.    See  Cornflower. 
Ricinus.    See  Castor-bean. 
Robin,  ragged.   See  Cornflower. 


Grown  for 

flowers  or 

foliage 


Flowers. 

....do.. 
Foliage.. 
Flowers. 


..do 


....do.. 
....do.. 


do 


Foliage... 

Flowers.. 

do..... 


do.... 

do.... 

Flowers.. 


....do.... 


Foliage. 


Flowers.. 


do... 

do... 

do... 


Color  of  flow- 
ers or  foliage 


Blue,  pink 

white. 
Blue,  white... 
Red 

Blue,  rose, 
white. 


Yeflow,  orange 


Golden  yellow. 
Yeflow,  orange, 
brown. 


Greenish 

(sweet 

scented). 
Green 


Scarlet,  orange, 

f'eDow. 
ue,  lilac, 
white. 


Purple,  yeUow, 

blue. 
Rose,  purple, 

white. 
Red,        lilac 

buff,  white. 


Preference  for 
sun  or  shade 


Full  sun- 
Sun 

Full  sun.. 
Sun 


do..-.. 


do.. 

do.. 


.....do 


Fullsun^ 

Sun 

Shade 


Shade,  sun. 
Sun 


.do. 


Scarlet,  pink,  I do 

white. 


Green,  turn- 
ing to  scar- 
let. 

Scarlet,  pink, 
white. 


YeUow,      or- 
ange, white. 

Reds  and  yel- 
lows. 


Red. 


.do. 
.do. 


....do. 
....do. 
,...do. 


Hardiness  to 
cold 


I 


Very  hardy 

Hardy 

Tender 

Hardy 

.....do 

Tender 

Half  hardy.. 


do... 

Tender.. 


.do.. 


Hardy. 


do... 

Tender.. 
Hardy.. 


do 


Tender 

Very  hardy. 


Hardy.. 
Tender. 
do.. 


62 
19 
34 


34 


65 
43 


41 

17 
62 
48 


54 

40 
44 

46 


24 

37 

40 
54 
10 
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Some  annual  flQwerinff  plants,  shotcing  their  hardiness,  height  of  ffrowth,  color 
of  /lowers,  etc. — Continued 


Common  name 


o.^ 


Grown  for 

flowers  or 

foliage 


Color  of  flow- 
ers or  foliage 


Preference  for 
son  or  shade 


Hardiness  to  '|  g 
cold        II 

r 


Rose  everlasting 

Rudbeckia 

Sage,  scarlet 

Sailor,  ragged.    See  Cornflower. 
Salpii^ossii 

Salvia.    See  Sage,  scarlet. 
Salvia,  scarlet.   See  Sage,  scarlet. 
Scabiosa 

Scabious,  sweet.    See  Scabiosa. 
Scarlet  sage.    See  Sage,  scarlet. 
Scarlet  salvia.    See  Sage,  scarlet. 
Scotch  pink.    See  Pink. 
Shirley  poppy.    See  Poppy. 
Snapdragon 

Snow-on-the-mountain 

Sorghum 

Splderflower 

Standing-cypress.     See-  Cypress, 

summer. 
Stock - 

Strawflower 

Sultan,  sweet.    See  Swoet-sultan. 
Summer  chrysanthemum.      See 

Chrysanthemum,  summer. 

Summer-cypress 

Sunflower 

Sunflower,  orange.    See  Heliopsia. 
Sun  plant.    See  Portulaca. 
Sweet   alyssum.     See  Alyssum, 

sweet. 
Sweet  scabious.    See  Scabiosa. 
Sweet-sultan 

Sweet-william.    See  Pink. 
Tagetes.    See  Marigold,  dwarf. 
Tasselflower.    See  Ageratum. 
Tom    Thumb    nasturtium.    See 

Nasturtium,  dwarf. 
Verbena 

Youth-and-old-age.    See  Zinnia. 
Zinnia 


2H 


Flowers.. 
.....do... 
do... 

—.do... 
do... 


.....do.. 
Foliage. 


Pink      and     Sun 

white. 
Yellow,  crim' 


.....do... 
Flowers. 


Brilliant  scar- 
let. 

Purple,  crim- 
son, white. 


Crimson,  rose, 
blue,  white. 


Scarlet,  yel- 
low, white. 

Qreen  leaves 
with  white 
edge. 

Green 

Rose 


Sun,     partial 

shade. 
Sun 


IHi.— do- 


2H 


do.. 


Foliage... 
Flowers- 


Crimson,  pur- 
ple, white. 
Lemon,  yellow 


Pea  green - 
Yellow.... 


2M 


do , 


..do. 


.do 


Red,  purple, 
lavender, 
white. 


Scarlet,  blue, 
purple, 
white. 

Rose,  scarlet, 
ydlow,  or- 
ange. 


..do.... 


do. 


do. 

..do. 


Half  hardy.. 

Hardy 

Tender 

do 

...do...- 


Very hardy.'  * 
....do » 


Full  sun. 
Sun- 


Tender..—.- 
do... 


do. 

do. 


Hardy !  41 

do..-«.    2 


do... 

Full  sun. 


Very  hftidy. 
Hardj 


Sun.. 


.....do. 


...do. 


HalfhBrdy       I» 


Tmder 


1  Hardy |  » 
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THE  PRODUCTION  of  sheep  for  wool  alone  is  rapidly  on 
the  wane  in  the  United  States.  More  and  more  em- 
phasis is  being  placed  on  the  production  of  lamb  and 
mutton  for  the  table.  The  future  success  of  this  industry 
will  depend  upon  a  strong,  steady  market,  based  upon  an 
increasing  consumption. 

Only  3.9  per  cent  of  the  m6at  consumed  by  the  average 
American  for  the  last  five  years  was  lamb  or  mutton.  This 
proportion  should  be  much  larger,  as  mutton  and  lamb  are 
among  the  most  healthful,  nutritious,  and  palatable  of  meats. 

The  ease  with  which  sheep  and  lambs  are  slaughtered  on 
the  farm  and  the  comparatively  small  size  of  the  carcass  make 
them  a  most  convenient  form  of  fresh  meat  for  family  use  and 
for  summer  killing.    The  meat  can  also  be  cured  for  future  use. 

This  bulletin  contains  a  discussion  of  the  methods  employed 
in  slaughtering  the  animal,  cutting  up  the  carcass,  and  curing 
the  flesh;  also  recipes  for  cooking  the  meat. 
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USE  OF  MUTTON  IN  THE  DIET, 

EARLIEST  records  mention  the  use  of  the  flesh  of  sheep  for  human 
food.  The  extent  of  its  use,  however,  has  varied  at  different 
times,  in  different  countries,  and  even  in  different  sections  of  the 
same  country  at  the  same  time.  Thus,  although  the  United  States 
as  a  whole  does  not  use  mutton  and  lamb  extensively,  a  large  quan- 
tity is  used  in  a  narrow  section  along  the  Atlantic  seaboard  north  of 
the  Potomac  River. 

Figures  compiled  in  the  Bureau  of  Animal  Industry,  United 
States  Department  of  Agriculture,  indicate  that  during  the  last 
five  years  only  3.9  per  cent  of  the  meat  consumed  in  the  United 
States  was  mutton  and  lamb.  The  average  yearly  meat  bill  (dressed- 
meat  basis)  of  the  American  consumer  during  that  period  contains 
the  following  items: 

Pounds. 

Lamb  and  mutton 5i 

Beef  and  veal 66 

Pork  (excluding  lard) 69 

Total  annual  meat  consumption  per  capita 140^ 

These  figures  show  the  proportion  of  lamb  and  mutton  to  other 
meats  to  be  very  small,  and  are  more  remarkable  in  view  of  the  fact 
that  much  of  this  rather  small  percentage  is  consiuned  in  the  East- 
em  States.  The  sectional  popularity  of  mutton  and  lamb  may  be 
seen  in  figures  compiled  from  the  department's  estimates  of  sec- 
tional meat  consmnption. 

In  the  East  1  pound  of  mutton  and  lamb  is  used  for  every  5  pounds 

of  beef,  in  the  South  the  ratio  is  1  to  10,  in  the  West  it  is  1  to  12,  and 

in  the  Central  or  Corn-Belt  States  it  is  1  to  20. 
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RBASON  FOR  UMITBD  USE. 

The  reason  for  the  limited  use  of  lamb  and  mutton  throug^ut 
the  central  section  of  the  United  States  probably  had  its  origin  in 
the  days  of  the  development  of  the  great  Corn-Belt  region  west  of 
the  Appalachian  Mountains.  At  that  time  the  sheep  owned  by  the 
settlers  of  that  region  came  largely  from  the  North  Atlantic  States 
and  had  been  developed  almost  without  exception  for  wool  produc- 
tion, regardless  of  the  inherent  flavor  of  the  meat.  The  flesh  of  these 
animals  was  no  doubt  tough,  not  so  palatable  as  other  meats,  and, 
possibly,  owing  to  the  crude  methods  of  caring  for  it,  much  of  it  was 
unfit  for  use.  And  besides,  the  number  being  limited,  it  was  neces- 
sary to  retain  the  animals  in  order  to  have  enough  wool  for  warm 
clothing. 

As  this  section  of  the  country  has  been  somewhat  slower  in  the 
development  of  mutton  breeds  of  sheep,  and  as  much  prejudice 
against  the  meat  has  been  handed  down  from  one  generation  to  an- 
other, there  has  developed  the  idea  that  the  flesh  of  all  sheep  is  not 
appetizing  and  carries  peculiar  flavors,  an  opinion  which  a  large 
percentage  of  the  people  never  try  to  substantiate  or  disprove. 

Furthermore,  there  is  a  feeling  that  the  task  of  butchering  a  sheep 
is  exceptionally  difficult  and  that  it  can  be  accomplished  only  by 
some  one  expert  in  the  work. 

THE  FLAVOR  OF  MUTTON. 

There  is  a  characteristic  taste  in  cooked  mutton  and  lamb,  due  to 
the  chemical  contents  of  the  meat  fat,  that  makes  it  easy  to  dis- 
tinguish from  other  kinds  of  meat.  The  same  is  true  of  beef, 
chicken,  venison,  or  rabbit.  Eastern  consumers  have  a  liking  for 
the  peculiar  flavor  of  mutton  and  lamb,  and  the  trade  has  been  able 
to  sell  the  meat  at  fancy  prices  in  that  section. 

Much  has  been  said  and  written  of  the  so-called  "woolly  flavor" 
of  mutton  and  it  was  with  a  view  of  determining  the  cause  and  if 
possible  the  means  of  elimination,  either  in  cooking  or  butchering, 
that  experimental  work  was  conducted  by  the  Biu*eau  of  Animal 
Industry  in  collaboration  with  the  Office  of  Home  Economics. 

These  experiments  included  tests,  as  outlined  below,  of  the  most 
common  theories  advanced  for  the  objectionable  taste  that  occa- 
sionally occurs  in  mutton  and  lamb. 

(1)  Parte  of  carcasses  were  brought  in  contact  with  wool  and  permitted  to  stay  in 
this  position  30  minutes.  They  were  then  cooked  and  compared  with  similar  parte 
of  the  same  carcass  treated  in  the  ordinary  way. 

(2)  Carcasses  were  permitted  to  stand  and  develop  gas  before  the  entrails 
removed,  and  compared  with  others  of  the  same  breed  and  age  as  to  the  fbivw  i 
texture. 
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(3)  The  fell  (or  external  layer  of  muscular  tissue)  was  removed  from  some  portioDS 
of  carcasses  and  these  compsured  with  other  similar  portions  of  the  same  carcass  and 
from  which  the  fell  had  not  been  removed. 

(4)  Tests  were  made  at  frequ^it  intervals  on  different  portions  of  the  same  carcass 
and  a  check  kept  on  the  taste  and  texture  of  the  meat. 

(5)  Comparative  tests  were  made  of  sheep  and  lambs  of  different  ages  to  note  the 
effect  of  the  age  of  the  animal  upon  the  taste. 

Comparative  tests  were  made  of  wool  and  mutton  breeds  to  note  the  effect  of  breeds 
upon  flavor  and  texture. 

In  only  two  cases  was  anything  approaching  a  disagreeable  flavor 
noted*  One  of  these  was  in  a  rather  fat  part  of  a  carcass  that  had 
been  stewed  and  was  partially  cooled  when  sampled.  This  was  killed 
in  the  regular  way  and  should  not  have  shown  the  flavor. 

The  other  case  of  strong  flavor  was  apparent  in  chops  kept  10  days 
in  the  cooler  and  kept  to  the  verge  of  spoiling,  outside,  before  cooking. 
This  taste  was  most  pronounced  in  the  outer  layer  of  fat  and  was  no 
doubt  due  to  some  chemical  change  which  had  taken  place  in  that 
portion  of  the  meat. 

In  some  cases,  when  the  meat  was  cooked  without  removing  the 
fell,  the  latter  when  tasted  separately  was  less  pleasant  than  the  meat 
itself. 

It  can  not  be  denied  that  in  rare  cases  meat  sold  as  lamb  or  mutton 
has  an  objectionable  taste.  This  may  be  due  to  the  fact  that  the 
carcass  was  in  reality  that  of  an  old  ram  or  goat.  Holding  the  meat 
for  a  long  time,  particularly  in  the  presence  of  odors  of  decaying 
v^etables  or  other  matter,  may  also  cause  an  impleasant  taste. 
Leaving  the  fell  on  the  cooked  meat  also  increases  the  possibility  of 
the  undesirable  taste  developing. 

With  reasonably  careful  slaughtering  and  caring  for  the  lamb  or 
mutton  carcass,  as  described  in  the  following  pages,  there  is  a  prac- 
tical certainty  of  having  wholesome,  appetizing,  and  economical  meat 
for  family  use. 

WHY  MORE  MUTTON  AND  LAMB  SHOITLD  BE  USED. 

Possibly  the  first  reason  for  urging  the  more  extensive  use  of  mutton 
and  lamb  may  be  found  in  the  nature  of  the  sheep  industry  itself. 
The  old  method  of  raising  sheep  for  wool  alone  is  rapidly  on  the 
i^ane  in  the  United  States.  The  method  developed  in  the  last  decade 
in  the  farm  States  is  rapidly  increasing.  This  industry  is  being  con- 
ducted for  the  production  of  both  wool  and  lambs,  and  as  the  increased 
production  of  wool  is  essential  to  the  normal  development  of  the 
country,  it  is  necessary  that  a  market  for  the  meat  be  developed  in 
proportion  to  the  increase  in  the  production. 

Food  Value. — The  fact  that  mutton  and  lamb  are  well  liked,  easily 
digested,  rank  well  with  other  meats  as  r^ards  nutritive  value,  and 
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are  palatable,  wholesome,  and  usable  in  many  ways  has  long  be^ 
known.  The  following  table  shows  the  percentage  composition  and 
fuel  value  per  pound  of  lamb,  mutton,  and  some  other  meats: 

Avera^  Composition  of  Meats 


Meat  (as  purchased). 


Lamb: 

Breast 

Leg 

Mutton: 

Fore  quarter. 

Hind  quarter 
Veal: 

Fore  quarter. 

Hind  quarter 
Beef: 

Fore  quarter. 

Hind  quarter 
Pork  (fresh): 

flam 

Shoulder 


Proton. 

Fat. 

Percent 
15.4 
15.9 

Percent. 
19.1 
13.6 

12.3 
13.8 

24.5 
23.2 

15.1 
16.2 

6.0 
6.6 

14.5 
15.4 

17.5 
18.3 

.  13.5 
12.0 

25.9 
29.8 

Water. 


TL^taat. 


Percent, 
45.5 
52.9 

4L6 
45.4 

54.2 
56.2 

49. 1  i 
50.4 

48.0  I 
44.9  , 


Per  cent, 
19.1 
17.4 

2L2 
17.2 

24.5 
20.7 

18.7 
15.7 

10.7 
12.4 


Fod 
Tihiep 


Cekfria. 
1,075 


1,235 
1,210 

535 
580 

9» 
1,045 

1,820 
1,450 


The  table  above  is  from  Farmers'  Bulletin  142,  Principles  of  Nutrition  and  NutritiTe  Value  of  Food. 

Freedom  from  disease. — ^The  fact  that  a  smaUer  percentage  of 
sheep  carcasses  as  compared  with  those  of  other  commonly  used 
domestic  animals  is  condemned  imder  the  Grovemment  meat  in- 
spection still  furthers  the  opinions  that  mutton  and  lamb  are  the 
most  wholesome  of  meats  and  should  be  in  more  general  use. 

Because  of  the  foregoing  evidence  and  the  fact  that  mutton  pro- 
vides a  convenient  source  of  fresh  meat  in  sections  where  beef  is 
imobtainable  most  seasons  of  the  year,  the  following  directions  for 
the  farm  butchering  of  sheep  have  been  prepared. 

SLAUGHTERING  AND  DRESSING  SHEEP. 

Equipment. — ^The  only  equipment  necessary  for  butchering  a 
sheep  is  a  knife  for  sticking  and  skinning,  a  steel  or  stone  to  shaipeii 
the  knife,  a  place  to  hang  the  animal  up,  and  a  clean  place  in  wbkh 
to  work.  This  last  may  be  a  killing  box,  a  low  platform,  table,  or  a 
tough,  heavy  sod,  sloping  so  that  the  blood  will  drain  away  from 
the  slaughtered  animal. 

Condition  of  animal. — ^The  animal  should  be  in  good  flesh  but  not 
too  fat.  It  should  be  healthy,  in  perfectly  normal  condition,  and 
not  be  excited  before  killing.  Care  should  be  taken  never  to  strike 
the  animal  or  catch  it  by  the  wool,  as  either  will  leave  ugly  brubes 
on  the  carcass. 

It  shoidd  be  kept  off  feed,  both  grain  and  roughage,  for  at  lea^  18 
hours  before  slaughter,  to  prevent  development  of  gases  in   the 
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stomach  and  intestines,  thus  lessening  the  danger  of  cutting  them 
when  the  entrails  are  removed.  Free  access  to  water  before  killing 
is  desirable,  as  it  facilitates  the  slipping  of  the  skin. 

Sticking. — ^The  animal  is  caught  and  laid  on  its  back.  The  two 
front  feet  are  bent  back  while  the  left  hind  leg  is  brought  forward. 
The  three  feet  are  tied  together.     The  animal  is  then  laid  on  its  left 


Fio.  1.— Sticking  the  animal. 

side  and  the  nose  grasped  with  the  left  hand.  The  knife  is  stuck 
into  the  neck  a  little  below  the  right  ear  and  just  back  of  the  jaw- 
bone.    (Fig.  1.) 

A  sharp,  thin-bladed  knife  should  be  used  and  thrust  completely 
through  the  neck.  The  sharp  edge  should  be  outward.  The  imder 
portion  of  the  neck  can  then  be  completely  severed  with  an  upward 
and  outward  motion. 
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Stunning. — ^The  neck  is  then  immediately  grasped  with  the  right 
hand  just  back  of  the  incision  and  by  a  quick  pressure  with  the  left 
hand  on  the  nose  the  neck  is  broken  over  the  edge  of  the  box  (fig.  2), 
stunning  the  animal  and  facilitating  the  thorough  bleeding  out  of 
the  carcass. 

Skinning. — ^After  the  sheep  has  thoroughly  bled,  it  is  ready  to  be 
legged  out.    This  operation  may  be  performed  with  the  animal  on  the 


Fig.  2.— Stiuming  the  sheep. 

groimd  or  by  the  operator  climbing  on  the  platform.  The  foot  is 
held  between  the  butcher's  knees  and  the  skin  on  the  upper  foreleg 
grasped  with  the  left  hand.  If  care  is  used  a  narrow  strip  can  be  run 
down  to  the  foot  (fig.  3),  where  the  joint  is  severed.  After  the  other 
leg  has  been  similarly  treated,  the  skin  is  opened  across  the  breast  and 
removed  from  each  side  of  the  neck,  the  knife  being  used  in  the  opera- 
tion.    It  is  then  fisted  off  over  each  side  of  the  brisket  and  back  of  the 
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forelegs  (fig.  4).  This  same  method  is  used  in  removing  the  skin 
from  the  forearm,  after  which  it  cmi  be  easily  stripped  from  the  rest 
of  the  leg. 

Following  this  the  throat    is    slit    and    the    gullet    (esophagus) 
removed.    The  outer  or  fleshy  part  of  this  should  be  broken  by  draw- 


Fio.  3.— opening  the  skin. 

ing  it  between  the  thiunb  and  back  edge  of  the  knife.  It  can  then 
be  tied  so  that  no  material  or  gas  can  escape  from  the  stomach 
(fig.  6). 

The  hind  legs  are  legged  out  in  much  the  same  way  as  the  forelegs. 
A  strip  of  skin  is  removed  from  the  rear  of  the  leg  from  a  point  near 
8650°— 20 2 
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the  body  to  the  foot.  (Fig.  6.)  The  skin  is  then  opened  to  a  poiat 
near  the  anus  and  removed  up  or  over  the  breech,  the  knife  being 
used  in  the  process,  as  shown  in  figure  7.  After  a  similar  opening  has 
been  made  in  the  other  leg,  the  skin  is  removed  from  between  the  legs 
and  fisted  down  over  the  belly.  (Fig.  8.)  It  is  next  loosened 
around  the  leg  and  may  be  rapidly  run  down  to  the  joint  below  lie 


FiQ.  4.—" Fisting  off"  sUn  over  the  brisket. 

pastern,  where  the  foot  is  severed.  The  knife  is  then  passed  through 
the  hind  Idgs,  between  the  ankle  and  hock.  A  cord  is  tied  through 
this  opening  by  which  the  carcass  may  be  suspended.  The  animal  is 
then  ready  to  be  hung  up.     (Fig.  9.) 

After  that  the  skin  is  opened  down  the  mid  line,  then  with  the  point 
of  the  knife  it  may  be  loosened  out  over  the  flank,  where  extreme  owe 
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must  be  taken  not  to  tear  the  flank  muscles.  (Fig.  10.)  Beginning 
in  the  mid  part  the  skin  is  next  fisted  out  over  the  sides  up  over  the 
thigh  and  down  over  the  shoulder.     (Fig.  11.) 

Figure  12  shows  the  method  employed  in  removing  the  skin  from 
the  sides  of  the  animal;  it  may  be  beaten  down  very  rapidly  in  this 


Fio.  &— Tying  tbe  gullet  (esophagus). 

way.  Should  any  muscles  begin  rolling  with  the  skin,  however,  the 
point  of  laceration  should  be  worked  aroimd  and  the  flesh  removed  in 
the  opposite  direction  from  which  it  is  tearing.  The  skin  is  removed 
from  around  the  tail  with  the  knife,  and  then  the  operator  by  grasping 
it  with  the  right  hand  and  pressing  the  left  against  the  carcass,  can 
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easily  strip  it  down  the  back  to  the  neck,  where  it  is  usually  severed 
with  the  Imife.  The  head  is  then  removed  at  the  atlas  joint.  (Fig.  13.) 
Removing  the  entrails. — ^In  removing  the  intestines  the  rectum  is 
first  cut  aroimd  and  the  colon  drawn  out  from  6  to  8  inches,  where  it  is 
cut  off.  Incision  is  made  at  the  cod  or  udder  and  the  carcass  opened 
down  the  middle  to  the  breastbone.  It  is  well  to  hold  the  carcass 
away  from  the  intestine  and  paimch  by  inserting  the  two  forefingers  of 
the  left  hand,  then  pushing  them  down  so  that  the  abdominal  cover- 
ing may  be  cut  as  it  is  held  out  by  the  finger.     (Fig.  14.)     The 

intestines  and  paimch  will 
then  drop  forward  but  arc 
held  in  place  by  attach- 
ment to  the  back.  The 
caul  fat  should  then  be 
removed.  Then  by  work- 
ing aroxmd  imdemeath  the 
paunch  the  gullet  may 
be  grasped  and  withdrawn, 
after  which  the  intestines 
may  be  entirely  removed 
by  severing  the  connection 
with  the  back. 

Removing  the  pluck. — 
The  knife  should  then  be 
inserted  into  the  throat  to 
facilitate  the  thorough 
bleeding  of  the  thoracic 
cavity.  (Fig.  15.)  This 
will  keep  the  carcass  jEree 
from  bloodstain  when  the 
pluck  is  removed,  which 
^       ^     .     ^      ^.  ^ ,  process  is  accomplished  by 

Fio.  6.— Opening  skin  on  hind  teg.  ^  ,.     .  ,  ,  , 

sphttmg  the  breastbone 
with  the  knife  and  cutting  aroimd  the  diaphragm.  The  pluck  is 
then  free  to  drop  forward  and  be  removed.  The  forearm  is  next 
split  and  the  leader  drawn  out.  After  the  knee  has  been  bent  back, 
the  leader  is  passed  over  the  lower  cannon  bone  to  hold  it  in  posi- 
tion.    This  gives  the  carcass  a  neat,  plump  appearahce.     (Fig.  16.) 

CARE  OF  THE  CARCASS. 

Cooling  out. — ^Af  ter  the  removal  of  the  entrails,  the  carcass  should 
be  washed  thoroughly  with  either  warm  or  cold  water.  Warm  water 
has  a  tendency  to  bleach  the  carcass.  Cold  water  should  be  used  in 
warm  weather,  as  it  aids  materially  in  reducing  the  temperature. 
The  carcass  should  then  be  wrapped  in  cheesecloth  and  hung  in  a 
cellar,  or  any  clean,  cool  place  that  is  free  from  disagreeable  odors. 
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CUTTING  UP  THE  CARCASS. ' 

The  carcass  cuts  better  after  it  has  been  thoroughly  cooled  out, 
although  cooling  is  not  absolutely  necessary.  Besides  the  knives 
used  in  slaughtering  and  dressing,  the  only  materials  necessary  for 
this  work  are  a  saw  and  a  cleaver.  (Fig.  17.)  The  method  of  cutting 
generally  used  is  called  saddling  the  carcass.  (Fig.  18.)  The  cut 
is  made  so  as  to  leave  one  rib  on  the  hind  quarter  or  "short  saddle.'' 
The  remainder  of  the  carcass  is  called  the  fore  quarter  or  "market 
rack." 


Fio.  7.~Reinoyiiig  skin  from  the  hind  leg. 

The  short  saddle  is  then  divided  along  the  backbone,  beginning  at 
the  tail  and  splitting  the  backbone  with  either  the  saw  or  cleaver. 
(Fig.  19.)  The  loin  should  be  separated  from  the  leg,  leaving  8  to  10 
vertebrae  in  the  loin  cut,  the  place  depending  on  the  size  of  leg  wanted. 
All  the  meat  should  be  cut  with  the  knife,  the  saw  being  used  only  to 
cut  the  bones.  (Fig.  20.)  The  loin  is  then  either  cut  into  chops  from 
three-fourths  to  1  inch  thick  or  used  whole  for  roasting.     (Fig.  21.) 

The  leg. — ^The  leg  is  trimmed  of  the  thin  flank  muscles  and  the 
excess  fat;  the  shank  is  removed  a  short  distance  above  the  hock  and 
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the  meat  trimmed  from  it,  leaving  1  inch  of  the  lower  end  of  the  bone 
free  from  covering.  Other  ways  of  fixing  this  cut  are  to  remove  the 
bone  at  the  stifle  joint  and  wrap  the  meat  removed  from  the  shank 
bone  over  and  skewer  it  down,  or  by  entirely  removing  the  bone  and 


Fia.  8.—"  Fisting  oft"  the  skin  from  tbe  beUy. 

fastening  the  meat  in  a  roll  with  skewers.  Most  of  the  trade  prefer 
the  tail  bone  left  on  the  roast.  Figure  22  shows  a  leg  prepared  for 
roasting. 

Fore  quarter  or  ^^Market  rack." — ^The  fore  quarters  are  usuaUy 
divided  by  sawing  down  the  backbone  to  the  neck,  which  is  then 
completely  severed  with  the  cleaver.     (Fig.  23.) 

Shoulder. — ^The  shoulder  of  mutton  is  lifted  by  cutting  aroimd  the 
fleshy  part  from  the  backbone  near  the  neck,  back  to  the  fifth  rib, 
and  then  passing  the  knife  imder  the  shoidder  blade.     (Fig.  24.) 
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Boning  the  shoulder. — In  this  operation  the  shoulder  is  laid  on  the 
table  with  the  outside  down  and  the  bone  removed  by  cutting  around 
it  lengthwise,  beginning  at  the  fleshy  part  just  above  the  knee.  A 
sharp,  thin-bladed  knife  is  essential  for  this  work.  (Fig.  25.)  After 
the  bones  are  removed  the  meat  is  rolled  and  held  in  place  by  skewers 
or  sewed.  This  makes  a  delicious  roast  which  is  free  from  bone  and 
therefore  easily  sliced.     (Fig.  26.) 

The  remainder  of  the  fore  quarter  is  then  sawed  through  on  a  line 
parallel  to  the  backbone  and  about  6  or  7  inches  distant  from  it.  The 
lower  part  of  this  cut  is  called  the  breast  and  is  utilized  as  stew  meat. 
What  is  left  of  this  quarter  is  divided  between  the  fourth  and  fifth 
ribs,  the  portion  between  the  Join  and  fourth  rib  being  known  as  "rib 
cut''  or  rack.     (Fig.  27.)     This  is  usually  divided  into  rib  chops  of  one 


Fio.  9.— Skin  entirely  remoyed  from  belly.   Carcass  ready  to  be  hung  up. 

rib  each,  although  it  may  be  used  for  roasting.  When  the  chops  are 
used  without  other  trimming  than  the  removal  of  excess  fat,  they  are 
called  "plain  rib''  chops.  They  are  sometimes  trimmed  back  about 
•  2  inches  from  the  lower  end  of  the  rib  and  are  then  called  French 
chops.    The  trimmings  are  used  for  stew. 

Shoulder  chops. — ^The  remaining  ribs  in  this  strip  are  cut  into 
shoulder  chops  while  the  neck  is  used  for  stew.     (Fig.  28.) 

CUTTING  UP  A  LAMB  CARCASS. 

Figure  29  indicates  the  usual  method  of  cutting  up  the  carcass  of 
a  lamb.  The  cuts  as  they  come  in  order  are:  Leg,  loin,  rack,  shoulder, 
and  breast.  They  are  utilized  in  practically  the  same  way  as  mutton, 
and  what  has  been  said  as  to  the  preparation  of  mutton  is  also 
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applicable  to  lamb,  except  as  to  the  boning  of  the  shoxilder,  which  in 

the  case  of  lamb  is  done  as  follows: 
The  round  bone  is  easily  removed  by  cutting  around  to  the  point  at 

which  it  joins  the  shoulder  blade.     The  shoulder  is  next  stood  on  the 

backbone  edge  and  the 
shoulder  bone  is  pounded 
in  the  joint  with  the  back 
edge  of  the  cleaver.  In 
this  way  the  cartilage  is 
broken  loose  around  the 
edge  of  the  blade.  Then 
by  using  the  steel  the  op- 
erator loosens  the  meat 
from  the  upper  and  under 
sides.  The  blade  may  then 
be  withdrawn  from  the 
shoidder,  which  is  easily 
removed  from  the  back- 
bone and  ribs  by  passing 
a  knife  between  the  bones 
and  the  meat.  Being  thus 
free  from  the  bone  the 
meat  may  be  roasted  and 
sliced  without  difficulty. 
(Fig.  30.) 

Another  method  of  bon- 
ing a  lamb  shoulder  is  to 
remove  the  ribs  first.  Th«i 
by  cutting  around  the  top 
and  back  edges  of  the 
shoulder  the  blade  and 
^   ^  gristle   may   be  removed, 

Pig.  10.— Skinning  out  over  the  flank.  °.,  ..   ,       .        .  „    , 

after  which  it  is  rolled 
either  with  or  without  stuffing  and  sewed  or  fastened  with  skewers 
to  hold  it  in  place.  This  is  probably  the  quickest  and  easiest 
method  of  preparing  a  boned  shoulder  roast. 

HOME  CURING  OF  MUTTON.* 

The  first  essential  in  curing  is  to  be  sure  that  the  meat  is  thorou^y 
cooled.  The  meat  should  never  be  frozen,  either  prior  to  or  during 
the  period  of  curing.  The  time  to  begin  curing  is  when  the  meat  is 
cooled  and  still  fresh;  the  proper  time  is  from  24  to  36  hours  after 
killing.  Because  of  the  high  shrinkage  experienced  in  curing,  only 
large  pieces  such  as  the  legs  and  shoulders  are  suitable  for  treatment 

I  Formulas  furnished  by  G.  A.  Anthony,  Animal  Husbandry  DivisUm. 
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BRINE-CURED  MEAT. 

Many  different  formulas  may  be  used  for  curing  mutton  by  the 
brine  method,  but  the  recipe  given  below  if  followed  closely  will  give 
good  results.     For  each  100  pounds  of  meat  use: 

7  pounds  salt. 
2 J  pounds  sugar  or  sirup. 
2  ounces  saltpeter. 
4}  gallons  water. 


Fig.  11.—"  Fisting"  skin  over  side  and  shoulder. 


In  warm  weather  it  is  better  to  use  9  or  10  pounds  of  salt. 

All  the  ingredients  are  poured  into  the  water  and  boiled  until 
thoroughly  mixed.  The  brine  should  be  made  the  day  before  it  is 
used,  so  that  it  will  be  cool.  Place  the  legs  in  the  bottom  of  the 
container,  shoulders  next;  the  small  cuts  should  be  on  top.     Be  sure 
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to  weight  down  the  contents  with  a  stone  or  a  brick.  Iron  should 
not  be  used,  as  it  will  rust.  Pour  the  brine  in  and  be  sure  it  covers 
the  meat  thoroughly.  In  one  week  pour  off  the  brine  and  change  the 
meat;  placing  the  top  meat  on  the  bottom  and  the  bottom  meat  on 
top;  then  pour  the  brine  back.  Repeat  this  operation  at  weekly 
intervals.    If  the  pickle  becomes  ropy,  take  out  all  tlie  meat  and 


Fio  12.— Pounding  the  skin  down  the  side. 

wash  it  and  the  container  thoroughly.  Boil  the  ropy  pickle  or, 
better,  make  new  pickle.  If  the  old  pickle  is  boiled,  it  should  bf 
strained  before  boiUng. 

Allow  3  days'  cure  for  each  pound  in  a  leg  or  shoulder;  for  exam^rfe. 
a  10-poxmd  leg  will  take  30  days.  Smaller  pieces  take  a  proporticffi- 
ately  shorter  time.  When  each  piece  of  meat  has  received  the  proper 
cure,  take  it  out  of  the  pickle,  string,  and  hang  it  in  the  smoke- 


Digiti 


zed  by  Google 


Farm  Slaughtering  and  Use  of  Lamb  and  Mutton.        19 

house.     The  temperature  of   the  smokehouse  should    not    exceed 
125°  F.     Smoke  the  meat  until  it  has  a  good  chestnut  color. 

In  preparing  meats  in  this  manner  it  has  been  found  more  con- 
venient to  brine-cure  the  light  pieces  and  dry-cure  all  the  larger  ones. 
The  reason  is  that  the  smaller  pieces  shrink  considerably  when  dry- 
cured  and  leave  only  a  comparatively  small  portion  of  nieat. 


Fio.  13.— Eemoving  the  head  and  the  hide. 
DRY-CURED  MEAT. 

Dry-cured  meat  is  better  for  future  use  than  the  brine-cured  and 
requires  less  work.  However,  danger  from  rats  and  other  vermin  is 
less  in  the  case  of  brine-cured  meat.  Both  methods  of  curing  are 
very  successful  if  care  is  taken  to  see  that  each  operation  is  executed 
proj>erly.  Following  is  the  method  of  dry-curing.  For  each  100 
pounds  of  meat  use: 

7  pounds  salt. 

3  pounds  sugar  or  sirup. 

2  ounces  saltpeter. 

2  ounces  red  pepper. 

3  ounces  black  pepper. 

Mix  all  ingredients  thoroughly,  then  rub  the  mixture  well  over  the 
meat  and  pack  it  away  in  a  box  or  on  a  table.  Allow  1  i  days'  cure 
for  each  pound  of  meat  the  pieces  average.  After  the  meat  is  ciured 
hang  it  in  the  smokehouse. 
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RECIPES  FOR  COOKING  MUTTON  AND  LAMB.' 

ICUTTON  BROTH. 

3  pounds  mutton.  L  3  tablespoons  rice  or  barley. 

2  quarts  water.  I  Salt  to  taste. 

The  neck,  breast,  and  flank  are 
generally  used  in  making  broth, 
although  other  cuts  may  be  used. 
Remove  the  outside  pi^iery  akin 
from  the  cut  when  present  and 
wash  well  with  cold  water.  Cut 
the  meat  into  small  pieces  and 
remove  the  excess  iat.  Put  the 
meat  with  bones  into  the  kettle 
and  cover  with  water.  Heat 
gradually  to  the  boiling  point 
and  season.  Cook  slowly  until 
the  meat  is  tender,  then  strain, 
and  remove  fat.  Reheat  to  boil- 
ing point  and  add  rice  or  barley 
and  cook  till  cereal  is  tender. 
If  barley  is  used,  it  should  be 
soaked  over  the  preceding  night 
in  cold  water. 

ICDTTON  SOUP. 
4  pounds  mutton. 
3  quarts  water. 
3  carrots. 
2  turnips. 
1  small  cabbage. 
1  stalk  celery. 
Few  sprigs  parsley. 
1  onion. 
6  cloves. 
1  sprig  thyme. 

1  sprig  marjoram. 

2  tablespoons  salt. 

Remove  the  papery  skin  of  the 
meat,  wipe  well  with  damp  dotfa 
and  cut  into  small  pieces,  put 
into  a  kettle  and  cover  with 
water.  Bring  slowly  to  boilixiir 
point  and  skim;  add  vegetaUsB 
cut  into  small  pieces  and  other 
seasoning,  and  cook  dowly  for 
3  hours.  Strain,  coed,  and  re- 
move the&t  Serve  either  dear 
with  rice  or  with  the  other  veg • 
Fig.  14.— I^oosening  entrails  from  the  backbone.  etables  finely  chopped. 

CURRT  OF  MTJTTON. 

2  iwunds  mutton.  1  teaspoon  curry  powder. 

1  onion.  Salt. 

1  teaspoon  vinegar.  Boiling  water. 

2  tablespoons  flour. 


'  Taken  from  Farmers'  Bulletin  526,  "Mutton  and  Its  Value  in  the  Diet." 
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This  dish  may  be  prepared  from  the  neck,  flank,  chop,  trimmings,  or  breast.  Re- 
move fell  when  present  and  wipe  with  damp  cloth.  Cut  into  pieces  2  inches  square 
and  remove  portions  of  the  fat.  Fry  them  out  and  remove  solid  portion.  Place 
meat  in  the  remainder  and  fry  to  delicate  brown.  Add  sliced  onions  and  pour  on 
barely  enough  boiled  water  to  cover.  Cook  until  the  meat  is  tender.  Add  the  curry 
powder,  vinegar,  and  salt.  Remove  the  meat,  reduce  the  broth  to  1  cup,  and  thicken 
w»th  flour  diluted  with  cold 
water.  Add  meat  to  gravy  and 
reheat.    Serve  with  rice. 

STEAMED  MUTTON. 

Small  pieces  of  mutton  may 
be  cooked  very  satisfactorily  by 
steaming.  Mix  the  following  and 
spread  over  the  surface,  then 
wrap  in  cheesecloth  and  fasten 
with  skewers: 

1  clove  of  garlic,  finely  chopped. 
1  finely  chopped  onion. 
1  teaspoon  powdered  thyme. 
1    teaspoon    powdered    sweet 

marjoram. 
1  teaspoon  salt. 

BRAISED  LEO  OF  BAUTTON. 

1  leg  mutton. 

i  mediiun-sized  onion. 

1  carrot. 

1  turnip. 

i  bay  leaf. 

1  sprig  each  thyme  and  parsley. 

i    cup   mutton    dripoings   or 

butter. 
1)  teaspoons  salt. 
12  peppercorns. 
3  cups  hot  water. 

Have  the  leg  of  mutton  boned. 
Wipe»  stuff  with  the  mixture 
described  below,  sew,  and  place 
in  a  deep  pan.    Oook  the  onion 

(aliced),  the  carrot,  and  the  turnip  Fio.  15.— Draining  the  thoracic  cavity. 

(cut  into  dice),  bay  leaf,  thyme, 

and  parsley  5  minutes  in  the  butter  or  mutton  drippings.  Add  the  hot  water,  salt, 
and  peppercorns  and  poiu:  the  mixture  over  the  mutton.  Cook  slowly  for  3  hours, 
with  the  diflh  covered  except  for  the  last  half  hour.  Make  a  brown  gravy  out  of  the 
strained  broth  in  which  the  meat  has  been  cooked  (see  below). 

STUFFING   FOR   BRAISED   LEG   OF   MUTTON. 

The  stuffing  for  the  braised  leg  of  mutton  is  made  as  follows: 


1  cup  cracker  cnimbs. 

2  tablespoons  melted  butter. 
\  teaspoon  salt. 


i  teaspoon  pepper. 

i  teaspoon  poultry  seasoning. 

\  cup  boiling  water. 
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SHOULDER  OF  MT7TTON  BRAISED  WITH  TURNIPS. 


6    pounds    of 

shoulder. 
1  onion. 
1  carrot. 
1  Btalk  celery. 


mutton    from   the 


4  Oloves. 
J  bay  leaf. 
1  quart  water. 
6  turnips. 
Salt. 


Fio.  16.— Doubling  back  the  forelegs. 

Cut  the  onion,  carrot,  and  celery  into  small  pieces  and  put  them  with  the  shooldfr 
of  mutton  into  a  deep  baking  pan.    Cover,  and  allow  the  muttoDT juice  to  permeate 


Fig.  17.— Equipment  for  cutting  up  the  carcass."; 

the  vegetables  and  brown  with  them  in  the  oven.  Then  add  the  water,  cloves,  acd 
bay  leaf.  Cook  in  a  moderate  oven  until  the  meat  is  tender,  which  will  be  about  3' 
minutes  for  each  pound.  One  hour  before  serving  add  the  turnips,  which  have  heei 
peeled  and  parboiled. 


1  breast  mutton. 
Few  slices  bacon. 
i  pint  stock. 


BRAISED  BREAST  OF  MXTTTON. 

1  lemon. 
1  onion. 


Salt. 
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Line  the  bottom  of  a  caseerole  or  other  earthenware  baking  dish  with  a  few  thin 
slicee  of  bacon,  lay  the  mutton  on  them,  and  put  over  it  the  lemon,  which  has  been 
peeled  and  cut  into  slices.  Cover  with  1  or  2  more  slices  of  bacon  and  add  the  stock 
and  onion.  Cover  the  dish.  Cook  slowly  on  the  top  of  the  stove  or  in  the  oven  until 
the  meat  is  tender. 

ROAST  LBG  OR  SHOULDER  OF  MUTTON. 

Sprinkle  the  meat  with  salt  and  pepper,  place  upon  a  rack  in  the  baking  pan,  and 
dredge  with  flour.  Bake  in  a  hot  oven,  basting  frequently.  Allow  20  minutes  to  the 
pound,  unless  the  roast  is  very  small.  Reduce  temperature  sharply  to  moderate  heat 
as  soon  as  meat  has  become  seared  on  outside. 


Fio.  18.— Removing  short  saddle. 
BROWN  GRAVY  FOR  ROAST  MUTTON. 

In  making  gravy  for  roast  mutton  or  any  other  roast  meat,  allow  2  level  tablespoons 
of  fat  for  each  cup  of  gravy  desired,  pouring  off  any  in  excess  of  that  amount.  To  the 
fat  add  3  tablespoons  of  flour  for  each  cup  of  gravy  and  cook  thoroughly,  browning  it» 
but  being  very  careful  not  to  bum  it.  Add  boiling  water  or  broth  and  boil  for  a  short 
time,  stirring  constantly.  Add  salt  and  pepper.  The  proportions  are  2  tablespoons 
of  fat,  3  of  flour,  and  1  cup  of  water  or  stock.  If  the  flour  is  not  browned,  only  2  level 
tablespoons  are  needed  for  each  cup. 

CURRANT-JBLLT  GRAVT. 

A  gravy  flavored  and  made  acid  with  currant  jelly  is  often  served  with  roast  mutton. 
To  each  cup  of  brown  gravy  made  from  the  fat  of  roast  mutton  add  a  glass  or  less  of 
cuirant  jelly.  The  addition  of  currant  jelly  is  especially  suitable  when  cold  mutton 
is  to  be  wanned  up  in  gravy. 
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MI7TTON  STUFFED  AND  ROASTED. 

For  this  purpose  have  either  the  leg  or  shoulder  of  mutton  boned.  Stuff  the  booed 
piece  and  tie  into  good  shape.  Roast  in  a  hot  oven,  allowing  about  20  minutes  to  tbe 
pound.  Add  to  the  dressing  more  fat,  unless  the  meat  is  very  fat.  In  makbg  the 
gravy,  follow  the  directions  given  above. 


Fig.  19.— Dividing  the  rear^Mrt. 
DRESSING  FOR  ROAST  BffUTTON. 


1  teaspoon  sweet  marjoram. 
Salt  and  pepper. 
Few  drops  onion  juice. 


1  pint  stale  bread  crumbs, 
i  cup  cracker  crumbs, 
i  teaspoon  sage. 

2  tablespoons  butter. 

Cook  the  bread  in  cold  water;  press  out  nearly  all.  the  water,  and  add  the  other 
ingredients. 
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Fio.  21.'Cuttiiig  loin  chops. 
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BROILRD  LOm  CHOPS. 

Remove  superfluous  fat  and  roll  the  flank  about  the  tenderloin,  fastening  it  with 
skewers.  Place  on  a  broiler  greased  with  some  of  the  mutton  fat.  Cook  in  hot  oven 
6  to  8  minutes,  turning  frequently  during  the  first  part  of  the  time  and  reducing  the 
heat  as  soon  as  the  meat  is  well  seared.  A  sauce  of  butter  to  which  a  little  lemon 
juice  and  chopped  parsley  have  been  added  is  sometimes  rubbed  over  the  chops. 
Since  the  chops  themselves  contain  much  fat,  lemon  juice  and  parley  only  may  be 
used,  or  the  chops  may  be  served  on  thin  slices  of  lemon.    Some  people  consider 


FKi.  2X— Leg  of  mutton  ready  to  roast. 

ONION  SAUCE. 

8  large  white  onions.  1  teaspoon  sugar. 

}  cup  butter.  J  cup  cream. 

1  tablespoon  flour.  Salt. 

Cut  the  onions  into  2  or  3  pieces  each  and  cook  them  for  10  minutec 
water.    Strain  and  cook  in  a  covered  saucepan  with  the  butter  for  about 

of  an  hour  until  they  are  very  tender.    Press  through  a  pur^  aiev      

Sprinkle  the  flour  over  them,  stirring  it  in  thoroughly,  and  add  the  seasoning.    Brin; 
to  the  boiling  point  and  heat  long  enough  to  cook  the  flour  thoroughly. 

PAN-BROILED  LOIN  CHOPS. 

Pan  broiling  is  a  method  of  cooking  when  there  is  no  suitable  fire  for  broiling.  For 
best  results  it  should  be  used  only  for  meat  from  which  most  of  the  fat  has  been  re- 
moved.  Loin  chops  which  are  to  be  pan-broiled  should  have  the  flank  and  most  of 
the  fat  removed.  After  being  wiped  they  should  be  put  into  a  very  hot  frying  pan 
and  should  be  turned  frequently.  If  a  skillet  or  griddle  is  used,  do  not  allow  the  choje 
to  fry  in  grease;  the  pan  should  be  greased  enough  to  prevent  sticking  but  no  man. 
The  pan  should  be  very  hot  at  first,  and  the  chops  are  to  be  kept  moving  in  aider  to 
prevent  sticking.    In  order  to  avoid  piercing  the  chops  in  turning  them,  they  ahouk) 
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be  grasped  between  two  forks  or  with  a  knife  and  fork.  The  time  of  cooking  depends, 
of  course,  upon  the  thickness  of  the  chops  and  whether  they  are  desired  well  done 
or  npt.  From  6  to  1*0  minutes  is  the  usual  time.  Pressing  the  chop  against  the  side 
of  the  frying  pan  helps  to  complete  th«  cooking.  Pan-broiled  chops  may  be  served 
plain  or  with  savory,  tomato,  or  onion  sauce. 


FIO.  23.— Dividing  the  fore  part. 

SAVORY  SAUCE. 


To  the  fat  in  the  pan  in  which  the  chops  have  been  broiled,  add  butter  enough  to 
make  about  2  tablespoons.  In  this,  brown  3  tablespoons  of  flour  and  add  1  cup  of 
water  or  stock.  Season  with  salt  and  pepper  and  add  one-half  onion,  finely  chopped, 
and  1  tablespoon  each  of  capers  and  finely  chopped  pickle. 
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,Fio.  24.— Removing  shoulder  from  fore  quarter  of  mutton. 


Fio.  2o.— Remo\iiig  bones  from  mutton  shouklflr. 
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TOMATO   SAUCE. 


2  tablespoons  butter. 

2  tablespoon.*)  flour. 

Stewed  or  fresh  tomato  enough  to 

make  1  cup  when  well  boiled 

down. 


1  stalk  celery. 
1  sliced  onion. 
Few  cloves. 
Salt  and  pepper. 


Cook  the  tomatoes  with  the  seasonings.  Cook  the  flour  thoroughly  in  the  butter, 
strain  the  tomatoes,  and  add  to  them  the  butter  and  flour.  Cook  all  together  imtil 
smooth,  stirring  constantly. 


Fig.  26.— Mutton  shoulder  with  bones  removed. 


LBFT-OVSR  MUTTON  AND  LAMB. 


MINCED   LAMB. 

Chop  pieces  of  cold  roast  lamb  fine.  It  is  good  served  with  potatoes  or  on  toast. 
A  pint  of  chopped  meat  will  serve  a  family  of  five  or  six.  Rub  1  tablespoon  each  of 
butter  and  flour  together;  add  ^  pint  of  milk,  stir  imtil  boiling;  add  tablespoon  of 
finely  chopped  parsley,  i  teaspoon  of  salt,  and  a  dash  of  cayenne.  Add  the  meat  and 
stand  over  hot  water  imtil  served.  If  served  on  toast  trim  the  toast  and  butter  and 
cover  with  a  thick  layer  of  the  mince,  making  a  Uttle  hollow  in  the  center.  Into 
due  hollow  (if  you  have  plenty  of  eggs  and  want  a  heartier  dish)  put  a  poached  egg. 
Bbt  will  be  required  for  this  quantity  of  meat. 

CUTLETS   OP  COLD   MUTTON. 

From  a  leg  of  mutton  which  has  been  cooked  rare,  cut  pieces  about  the  size  of  an 
ordinary  loin  chop.  These  may  be  fried  in  a  little  fat,  or  egged,  crumbed,  and  fried 
in  deep  fat,  or  they  may  be  brushed  over  with  fat  and  broiled.  The  result  is  more 
like  meat  cooked  for  the  first  time  than  the  ordinary  warmed-over  meat.  Outlets  so 
prepared  may  be  served  with  any  of  the  sauces  suggested  for  serving  with  chops. 

STEAMED  MUTTON   AND   RICE. 


4  cups  cooked,  or  1  cup  raw  rice. 
2  cups  cooked  mutton  cut  into 

small  pieces. 
1  teaspoon  salt. 
}  teaspoon  pepper. 


Few  drops  onion  juice. 

1  tablespoon  chopped  parsley. 

J  cup  bread  crumbs. 

legs:. 

Stock  or  water. 
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Fig.  27.— Removing  rack  or  rib  cut. 


FiQ.  28.— Cutting  shoulder  chops. 
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Grease  a  mold  or  bowl  of  about  1^  quarts'  capacity  and  line  lyith  cooked  rice.  Heat 
^e  meat  with  the  other  ingredients,  using  stock  enough  to  make  a  mixture  that  is 
noist  but  will  hold  its  shape.  Pack  the  meat  in  the  center  of  the  mold  and  cover  with 
.he  remaining  rice,  grease  the  cover  of  the  mold  (if  a  bowl  is  used,  a  plate  will  serve 
'or  a  cover),  steam  or  cook  in  water  enough  partly  to  cover  the  mold  until  the  contents 
ire  thoroughly  heated  through.    Turn  it  on  a  hot  platter  and  serve  with  tomato  sauce. 


Fio.  29.— Cuts  of  lamb  carcass. 


Th4^8  recipe,  it  will  be  noted,  suggests  the  use  of  bread  crumbs  instead  of  flour  for 
thickening,  which  is  often  a  way  of  saving  bread  that  might  otherwise  be  wasted; 
it  is  also  one  way  of  obtaining  variety  as  a  different  texture  results  from  that  when 
flour  is  used. 


Fig  .  30.— Lamb's  shoulder  with  bones  removed. 

CORNBD  MUTTON  AND  ITS  USBS. 

The  shoulder  is  the  cut  most  frequently  corned.  The  1^  is  delicious  corned,  but 
is  too  expensive  to  be  used  in  this  way  except  for  the  purpose  of  preserving  what 
would  otherwise  go  to  waste. 

10  pounds  mutton.  I  1  tablespoon  saltpeter. 

1^  cups  salt.  '  f  cup  brown  suGfar. 

i  tablespoon  baking  soda. 

Hub  the  salt  thoroughly  into  the  meat,  covering  every  portion,  and  allow  to  stand 
with  the  salt  on  it  for  24  hours;  then  pour  over  it  the  other  ingredients  dissolved  in  a 
small  quantity  of  lukewarm  water.    Add  water  enough  to  cover  the  meat  and  allow 
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it  to  stand  in  the  bhne  for  at  least  3  or  4  days.  Meat  thus  corned  will  keep  in  good 
condition  for  a  long  time.  Since  mutton  absorbs  salt  more  readily  than  beef.  5peml 
care  should  be  taken  to  avoid  using  too  much  of  it. 

Corned  mutton  may  be  used  in  all  the  ways  in  which  corned  beef  is  used.  The 
broth  in  which  it  is  boiled  makes  good  soup  when  seasoned  with  onion  and  tuniip  or 
other  vegetables. 

BffUTTON  SAUSAOB. 

Sausage  can  be  made  from  mutton  mixed  with  pork  in  much  the  same  way  as  heei 
is  used  for  similar  purposes.  A  general  formiila  is:  Mutton,  Z  parts;  lean,  fredi  fxrt. 
1  part;  and  fat  pork,  1  part;  salt  and  seasoning  to  suit  the  taste.  Such  sausage  can  be 
made  into  cakes  and  cooked  at  once  or  may  be  packed  in  skins  or  bags  in  the  usual 
way.  Homemade  sausage  is  very  commonly  kept  frozen.  Wh^n  this  is  not  possible, 
it  is  often  convenient  to  make  small  quantities  for  immediate  use. 

MUTTON   SAUSAGE. 

1  pound  mutton  free  from  bone.       I  i  teaspoon  salt. 

i  pound  fat  fresh  pork.  }  teaspoon  each  marjoram,  thyme, 

I  teaspoon  black  pepper.  and  sage. 

Put  the  meat  through  a  meat  or  sausage  grinder  and  mix  thoroughly  with  the  oth€f 
ingredients.  Pack  in  a  bag  about  2^  inches  in  diameter  and  keep  in  a  very  cool  place. 
Cut  into  slices  and  fry.  If  it  is  to  be  used  at  once  packing  in  a  bag  is  not  necessary; 
instead  the  chopped  and  seasoned  meat  may  be  made  into  cakes. 
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A  HOME  without  a  house  is  possible  but  in  no 
sense  desirable,  for  a  good  house  adds  to  a 
home  a  quality  of  "  hominess  *'  which  nothing  else 
can  supply.  In  somewhat  the  same  way,  and  under 
somewhat  the  same  difficulties,  a  community  can  get 
along  without  a  community  house.  A  community 
can  "  live  around  "  from  church  building  to  church 
building,  from  school  building  to  school  building, 
from  hall  to  hall,  and  never  experience  the  distinct 
pleasure  of  occupying  a  community  house. 

However,  a  good  community  house  adds  some- 
thing to  community  life.  The  community  idea,  in- 
deed, the  very  conception  of  "  communityness,'*  so 
to  speak,  pervades  the  mind  of  the  community  when 
it  enjoys  the  use  of  a  community  building  of  its  very 
own. 

The  conmaunity  building  movement  enters  the 
farming  situation  at  a  time  most  opportune.  The 
social  and  economic  life  on  farm,  in  farm  neighbor- 
hood, and  in  village  and  small  agricultural  city  is 
being  organized  on  a  community  basis;  and  the  great 
demand  in  connection  with  this  social  and  economic 
development  is  for  an  adequate  building  program, 
good  housing  facilities,  and  expressive  architecture. 
The  country-life  movement,  moreover,  which  sums 
up  modern  thought  on  the  life  side  of  the  farm,  is  a 
community  movement  in  large  part  and  will  wel- 
come the  community  house  as  a  tangible  symbol  of 
rural  social  unity.  And  the  development  of  the 
Farm  Bureau,  which  sums  up  modern  hope  on  the 
economic  side  of  the  farm,  is  at  bottom  a  matter  of 
community  organization  which  will  find  a  commu- 
nity home  in  a  community  house. 

C.  J.  Galpin. 

Contribution  from  the  Offioe  of  Farm  Management  and  Farm  Economics 

H.  C.  TAYLOR.  Chief 
Waahington,  D.  C.  Jannary,  1921 
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PLANS  OF  RURAL  COMMUNITY 
BUILDINGS. 
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THE  growing  popularity  of  the  practice  of  erecting  separate 
buildings  for  rural  secial-center  work  makes  the  question  of 
plans  for  such  buildings  one  of  immediate  interest.  Department 
Bulletin  825,  "  Rural  Commimity  Buildings  in  the  United  States," 
treats  of  the  general  nature  of  commimity  buildings,  being  illus- 
trated by  a  few  specific  examples.  In  the  following  pages  are  pre- 
sented the  floor  plans  of  a  wide  variety  of  community  buildings  now 
in  actual  use. 

Before  a  community  decides  the  question  of  erecting  a  building 
it  should  make  a  thorough  study  of  the  local  situation.    The  study 

Sorm. — Acknowledgment  Is  due  to  the  Bureau  of  I*ubllc  Roads  for  valuable  assistance 
rendered  in  the  preparation  of  this  bulletin. 
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should  show  that  an  actual  need  for  a  building  is  felt  by  the  various 
organizations  of  a  public  nature  and  by  the  people  themselves.  It 
should  demonstrate  that  the  building  can  and  should  be  maintained 
as  a  permanent  institution. 

After  it  has  been  decided  to  erect  a  building,  numerous  questions 
arise. 

TYPE  OF  BUILDING. 

The  original  study  should  not  only  determine  the  need  of  a 
conmiunity  building  but  also  the  most  desirable  type.  No  two  com- 
munities are  alike,  and  each  will  desire  to  put  up  its  own  particular 
kind  of  building,  just  as  every  person  builds  his  own  type  of  house. 

The  size  and  type  of  the  building  depend  upon  the  population  of 
the  community,  the  amount  of  money  available,  maintenance  ex- 
penses, the  uses  to  which  it  is  to  be  put,  future  needs,  and  similar 
factors. 

Population. — ^The  building  should  be  large  enough  to  serve  the 
present  needs  of  every  member  of  the  community  and  every  organi- 
zation, regardless  of  party,  creed,  or  class,  no  matter  how  far  distant 
they  may  be,  and  should  be  located  at  a  place  naturally  frequented 
by  all  members  of  the  conmiunity. 

Future  needs. — If  it  does  not  seem  practicable  to  provide  in  the 
beginning  for  future  growth,  the  building  should  be  so  constructed 
that  additions  or  other  stories  could  later  be  constructed  without 
detracting  unnecessarily  from  the  synmietry  of  the  structure  or  the 
adequacy  of  the  room  arrangements. 

Money  available. — ^The  amount  of  money  that  can  be  secured  from 
a  given  community  for  a  building  can  not  be  accurately  estimated 
in  advance.  There  may  be  two  conflicting  tendencies.  One  will 
come  from  the  enthusiastic  backers  of  the  enterprise,  who  will  fix 
an  estimate  higher  than  can  be  reached.  The  other  will  originate 
with  those  members  of  the  community  who  are  doubtful  as  to  the 
success  of  movements  for  the  conmion  betterment  or  frugal  in  financ- 
ing such  enterprises.  A  middle  course  l]^tween  these  two  extremes 
should  be  the  aim. 

Before  an  attempt  is  made  to  estimate  the  funds  available,  how- 
ever, a  well-directed  campaign  of  enlightenment  should  be  carried 
on  throughout  the  surrounding  country,  with  the  object  of  making 
generally  known  the  benefits  to  be  derived  from  the  erection  of  the 
building. 

Maintenance  expenses. — Before  the  size  of  the  building  is  fixudly 
decided  upon  it  should  be  made  certain  through  careful  study  and 
an  estimate  of  probable  receipts  and  expenditures  that  the  building 
can  be  permanently  maintained. 
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Uses. — ^Every  community  will  have  its  own  particular  uses  for  a 
building,  and  these  can  be  determined  only  by  the  people  themselves. 
It  may  be  stated,  however,  that  a  standard  community  building 
shoidd  have  as  a  minimum  these  accommodations : 

1.  An  assembly  room,  perhaps  with  movable  seats,  that  can  be 
used  as  a  meeting  place  for  the  people  or  for  various  organizations. 
AVith  the  seats  removed  the  room  will  be  available  as  a  gymnasiimi, 
as  a  game  room,  as  a  dining  room,  or  for  fairs  and  exhibits. 

2.  A  stage  on  which  lectures,  plays,  and  various  entertainments 
can  be  given  and  which  may  have  a  screen  for  motion  pictures. 

3.  A  kitchen  where  food  may  be  prepared. 

4.  A  place  where  lunches,  suppers,  and  banquets  may  be  served. 

The  more  advanced  communities  would  need  other  accommoda- 
tions. These  should  be  carefully  estimated  in  determining  the  size 
of  the  structure.    Future  growth  should  be  taken  into  consideration. 

ARCHITECTURE. 

Permanency. — The  type  having  been  definitely  decided  upon, 
proper  attention  should  be  given  to  the  advisability  of  building  for 
the  future.  A  permanent  structure  of  durable  materials  is  cheaper 
in  the  end  than  a  temporary  structure  of  light  materials.  Location, 
climate,  and  available  building  materials  must  be  considered. 

Serviceability. — Considerable  initial  expense  and  much  time  and 
energy  in  the  future  will  be  saved  by  carefully  planning  the  arrange- 
ment of  the  different  rooms,  corridors,  stairways,  doors,  kitchen  con- 
veniences, and  toilet  comforts.  If  expense  is  the  chief  consideration, 
much  money  may  be  saved  by  having  one  large  room,  with  movable 
furniture,  serve  as  an  assembly  hall,  gymnasium,  dance  hall,  and  din- 
ing room.  Service  windows,  swinging  doors,  or  food  elevators  be- 
tween dining  room  and  kitchen  make  for  convenience.  Wide,  gradu- 
ally sloping  stairways,  numerous  exits,  outswinging  doors,  and 
assembly  rooms  confined  to  the  first  floor  make  for  safety.  A  room 
arrangement  facilitating  proper  supervision  is  both  economic  and 
convenient.  Large  folding  doors  sometimes  make  it  possible  to  throw 
the  whole  floor  into  one  large  room.  In  the  kitchen  many  steps  can 
be  saved  by  an  economic  arrangement  of  sink,  cupboards,  stoves, 
serving  tables,  etc.  Much  can  be  added  to  the  utility  of  a  building 
by  attention  to  the  proper  rules  for  ventilation,  heating,  lighting, 
acoustics,  and  water  supply.  The  serviceability  of  the  building 
should  apply  to  the  needs  of  women  as  well  as  those  of  men,  equal 
accommodations  and  conveniences  being  supplied. 

Harmony. — ^An  attempt  should  be  made  to  have  the  design  of  the 
building  harmonize  with  the  designs  of  other  public  buildings  in  the 
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community.  In  sections  of  the  country  where  there  are  no  existing 
archit.ectural  standards  or  traditions  an  opportunity  is  afforded  for 
initiating  an  approved  type  of  architecture  which  may  serve  as  an 
example  for  future  buildings. 

Design. — ^While  serviceability  should  be,  perhaps,  the  main  consid- 
eration, beauty  should  in  no  wise  be  neglected.  As  the  building  is 
to  be  the  center  of  expression  of  various  arts,  such  as  music  and  the 
drama,  so  the  structure  itself  should  be  an  example  of  good  taste, 
dignified,  pleasing  to  the  eye,  and  appropriate.  Overomateness, 
elaboration,  and  display  should,  however,  be  avoided. 

THE  SITE. 

I 
Location  is  second  in  importance  only  to  the  character  of  the  build-  j 
ing  itself.  No  matter  how  architecturally  pleasing  a  building  may 
be,  its  effect  is  lost  if  it  does  not  have  the  proper  setting.  Ugly 
or  bare  surroimdings  should  be  avoided.  Nor  should  the  building 
be  obscured  by  taller  structures  closely  surroimding  it  It  should 
be  conveniently  located  with  reference  to  those  who  would  use  the 
building  most,  bearing  in  mind  the  relative  importance  of  the  uses 
to  which  it  may  be  put,  and  should  be  easy  of  access  by  road,  car 
line,  and  other  ways  of  appi'oach.  Incidentally,  a  generous  site  near 
the  center  of  the  neighborhood  possesses  other  advantages  not  per- 
taining to  the  subject  of  this  bulletin. 

CONSTRUCTION. 

The  best  is  the  cheapest  in  the  end.  The  work  should  be  in  charge 
of  a  competent  contractor,  who  should  carefully  follow  specifications. 
Even  in  the  case  of  a  building  constructed  by  voluntary  labor,  much 
time  and  valuable  materials  may  be  saved  by  expert  supervision. 
Such  work  as  the  erection  of  the  stage,  the  location  of  the  auditorium, 
the  construction  of  the  bowling  alleys  and  the  swimming  pool, 
proper  heating,  lighting,  and  ventilation,  requires  expert  direction. 

BUILDING  COSTS. 

It  is  quite  impossible  to  give  adequate  estimates  of  the  cost  of 
erection  of  any  particular  building,  the  plan  of  which  is  shown  in 
this  bulletin.  These  costs  are  in  no  sense  fixed,  but  are  modified  by 
such  considerations  as  location,  time  of  erection,  climatic  influences, 
amount  of  free  labor  available,  availability  of  cheap  building  mate- 
rials, fluctuating  commodity  prices,  changing  markets,  etc.  A  reputa- 
ble arehietct  has  estimated  that  a  building  which  before  the  war  cost 
$2,500  would  in  1919  cost  $3,747.  Average  increase  of  labor  costs  is 
estimated  at  33  per  cent,  that  of  material  64  per  cent,  or  an  average 
of  both  of  about  50  per  cent. 
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TYPES  OF  BUILDINGS  FOR  WHICH  PLANS  ARE 
PRESENTED. 

The  plans  presented  in  the  following  pages  are  those  of  actual 
buildings  in  successful  operation.  The  houses  are  located  in  various 
parts  of  the  country  under  different  climatic  conditions.  They  are 
of  many  different  types,  since  each  community  has  a  certain  object 
in  mind  and  needs  a  building  to  meet  specific  conditions.  The  builder 
of  a  dwelling  house  often  finds,  after  the  house  has  been  used,  that 
it  has  certain  defects  that  can  later  be  corrected.  Similarly,  some  of 
these  communities,  through  use,  have  found  that  certain  changes 
might  improve  their  buildings.  In  a  general  way,  however,  they 
have  proved  admirably  adapted  to  the  purposes  for  which  they  were 
erected.  It  is  hoped  that  those  contemplating  the  erection  of  a  com- 
munity house  may  find,  among  the  various  plans  presented,  some  that 
will  be  helpful  to  them  in  making  a  choice  of  plan,  or  perhaps  com- 
plete plans  that,  with  a  iew  changes,  either  in  appearance  or  with 
regard  to  convenience,  may  be  adapted  to  the  needs  of  the  conunu- 
nity.  Such  changes  will  usually  be  found  desirable  to  meet  local 
conditions  or  to  keep  abreast  of  improvement  in  design  or  equipment. 

Classification. — In  order  to  show  the  kinds  of  conununities  which 
have  erected  the  various  types  of  buildings,  the  communities  are 
classified  under  the  heads  (1)  Farming  Community,  (2)  Farming 
and  Village  Community,  (3)  Farming  and  Town  Conmiunity,  and 
(4)  Farming  and  Small  City  Conmiunity. 

Under  the  first  head  are  classed  those  buildings  financed,  con- 
trolled, or  used  by  a  community  the  industry  of  which  is  largely 
farming.  Buildings  in  a  village  and  supported  by  farming  and 
village  people  are  placed  under  the  head,  "  Farming  and  Village." 
"Farming  and  Town"  buildings  are  those  in  a  group  larger  than 
a  village,  but  still  having  large  farming  use  and  control.  A  building 
in  which  farmers  have  a  very  considerable  interest,  but  which  is  also 
largely  participated  in  by  the  people  of  a  small  city  is  classified  as, 
"  Farming  and  City." 
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FARMING  COMMUNITY. 

IMPROVEMENT  CLUBHOUSE  FEATURES. 


Fio.  1. — Community  house,  Madison  (Phoenix  R.  F.  D.),  Aiis. 

A  standard  community  house  located  six  miles  from  a  town,  erectcnl  In  1917 
by  the  Women's  Improvement  Club  as  a  clubhouse  and  community  center  at 
a  cost  of  $5,650  obtained  by  means  of  entertainments,  general  subscription,  and 
a  loan.  One  story,  red  brick,  asbestos  roof,  overhanging  eaves,  bungalow  style, 
suitable  for  warm  climate. 


\\ 

^J 

Floor  Plan 

Fig.  2. — Floor  plan  of  Madison  building.      (By  courtesy  of  Burt  McDonald,  architect. 
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TOWNSHIP-OWNED  FEATURE. 


Fio.  3. — CommuDlty  bouse  at  Coiuo  (Elkborn  R.  F.  I).),  Wis. 

Geneva  Township  building,  located  five  miles  from  a  town,  erected  in  1917 
from  township  funds,  at  a  cost  of  $5,000.  The  stage  being  locate<l  at  the  side 
of  the  auditorium,  all  the  audience  Is  within  easy  hearing  distance.  Largely 
use<l  by  farmers'  organizations. 
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Basement  Plan  First  Fuoor  Plan 

Fio.  4. — Plane  of  Como  building. 
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GENERAL  OR  STANDARD  COMMUNITY  HOUSE  FEATURES. 


Fig.  5. — Community  house  at  Gilead  (Andover  R.  F.  D.),  Conn. 

Erected  In  1905  by  the  Hall  Association  through  the  issue  of  stock  at  $25  per 
share.    Cost,  $3,000  net    Colonial  design. 
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Fig.  6. — ^Flrat  floor  plan  of  community  house  at  GUead. 
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Fio.  7. — Basement  plan  of  commuDlty  boase  at  Gilead. 


CHURCH-CONTROL  FEATURE. 


Fio.  8. — Community  house  at  Honey  Creek,  Wis. 

A.  community  house  with  church  control  in  a  village  surrounded  by  a  large 
farming  community,  erected  In  1912  at  a  cost  of  $7,000  and  financed  by  voluntary 
contributions.  While  financed  and  used  by  the  entire  community,  the  building 
was  placed  under  the  control  of  the  church  so  that  the  church  business  organiza- 
tion could  be  used  for  purposes  of  management  and  permanent  control. 
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FiGU  9. — First  floor  plan  of  community  house  at  Honey  Creek,  Wis.     (By  courtesy  of 
H.  B.  Miller,  architect.) 


PlQ^  10. — Basement  plan  of  Honey  Creek  building. 
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FARMING  AND  VILLAGE  COMMUNITY. 
LIBRARY  FEATURE. 
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Fig.  11. — CommuDity  house  at  Bolton,  Conn. 

Erected  in  1913  by  Hall  and  Library  Association,  in  a  village  of  500  popula- 
tion, through  general  contributions  of  money,  labor,  and  materials.  Valued  then 
at  $9,000.    ('olonial  design,  stone  fireplace.    Village  supports  the  library. 
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0.  12. — Plan  of  Bolton  building.     (By  courtesy  of  Whiton  and  McMahon,  architects.) 
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STOCK-SHOW  FEATURE. 


Fig.  18. — Community  building  at  Argonla,  Kans. 

A  township  building  erected  In  1916  at  a  cost  of  $4,509  in  a  town  of  500 
inhabitants  as  the  result  of  a  bond  vote  made  possible  by  special  legislatiTe 
enactment.  Object  was  to  unite  town  and  country  interests.  A  special  feature 
is  a  cement  strip  15  feet  wide,  extending  between  the  side  doors  and  in  fnmt  of 
the  auditorium,  on  which  stock  are  brought  to  be  Judged. 


Fio.  14. — Main  floor  plan  of  Argonia  building. 
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Fio.  15. — Basement  plan  of  Argonia  building. 


LIBRARY  AND  BOWLING  FEATURES. 
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Fig.  16. — Community  building  at  Wilder,  Vt. 

Erecteil  in  1899  in  a  village  of  300  population  at  a  cost  of  $12,000  and  financed 
by  individnal  donation.  A  well-planned  building,  with  library,  bowling  alleys, 
swimming  pool,  and  recreation  features. 
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Floor  Plan 
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Basement  Plan 


Pig.  17.— Plans  of  Wilder  bulWing.     (By  courtesy  of  Lewis  S,  Newton,  ardiltect) 
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LIBRARY  FEATURE. 
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Fig.  18. — Community  building  at  Kenllworth,  111. 

An  excellent  suburban  type,  well  designed,  beautifully  located,  and  with  im- 
proved surroundings.  Erected  in  1907  in  a  town  of  900  population  at  a  cost  of 
$31,000,  through  the  voluntary  contributions  of  180  people.  A  free  circulating 
library  is  maintained  for  the  use  of  all  the  villagers.  Other  features  are  the 
accordion  folding  doors,  by  means  of  which  the  floor  can  be  separated  into  three* 
distincts  units  or  thrown  into  one  large  room,  as  occasion  requires. 


Floor  Plan 
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Fio*  19. — Plan  of  Kenllworth  building.      (By  courtesy  of  Geo.  W.  Maher,  architect.) 
8323°— 21 3 
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WAR  MEMORIAL  FEATURE. 


Fig.  20. — Community  house  at  Brimfleld,  111. 

Dedicated  in  1919  in  a  village  of  700  population  as  a  memorial  to  the  soldiers 
who  served  in  the  World  War.  A  well-planned  building,  serving  a  town  and 
country  community  of  2,000  people.  Building  unfurnished  cost  $26,654,  and  the 
plant  was  financed  by  the  issuance  of  600  shares  of  stock  to  265  holders,  one-half 
being  farmers,  and  a  loan  of  $10,000.  A  motion-picture  machine,  part  of  the 
equipment,  helps  maintain  the  building.  Seating  capacity  of  auditorium  and 
balcony  Is  1,200.  Building  has  a  fireplace,  two  heating  plants,  electric  and 
ventilating  fans,  air  pressure  tank,  and  electric  lights. 


Fig.  lil.— Floor  plan  of  Brimfleld  building.     (By  courtesy  of  Robert  J. 
Ilotcbkiss,  architect.) 
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Fio.  22. — Basement  plan  of  Brimfleld  building-* 


LIBRARY  AND  AUDITORIUM  FEATURES. 


Fio.  23. — Community  house  at  McLean,  111. 

This  building  was  erecte<l  in  1912  in  a  town  of  700  population  at  a  cost  of 
$16,000  by  separate  hall  and  library  associations  through  stock  issues  to  300 
people,  largely  farmers,  and  a  few  donations.  The  librarj'  is  separate  from  the 
hall,  though  the  two  are  united  by  a  door  and  have  exits  to  separate  streets. 
The  to\\Tiship  maintains  the  library  and  u.^es  a  room  in  the  building  for  official 
purposes.  There  are  two  fireplaces,  two  heating  plants,  and  a  motion-picture 
booth. 
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Stage 


Basement  Plan 


First  Floor  Plan 


Second  Floor  Plan 

Fia.  24. — Plans  of  McLean  building.     (By  courtesy  ot  A.  T.  Simm*ns,  ardilteet) 


Digiti 


zed  by  Google 


Plans  of  Rural  Community  Buildings. 

PLAYHOUSE  FEATURE. 


21 


Fio.  25. — Community  house  at  Centervllle,  Mich. 

A  community  playhouse  erected  in  a  village  of  600  population  in  1916  with  the 
primary  purpose  of  encouraging  town  and  country  cooperation.  Cost,  $9,330, 
was  financed  by  stock  sales,  donations,  and  a  loan.  Is  equipped  with  a  motion- 
picture  machine.  Steel  trusses  take  the  place  of  posts.  It  has  slag  roof, 
concrete  floor,  and  an  indirect  lighting  system.  In  the  rear  are  two  openings, 
at  each  side  of  the  stage,  temporarily  closed,  where  dressing  rooms  are  to  be 
built  later. 


Audiiorium 


FlG.^ee. — ^Plan  of  Conterville  building.      (By  courtesy  of  E.  O.  Fullis,  arcliltect.) 
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FIRE-DEPARTMENT  FEATURE. 


Fig.  27. — Community  building  at  Locust  Valley,  N.  Y. 

A  well-<le8igned  suburban  building,  erected  in  1914  near  a  village  of  500  popu- 
lation at  a  cost  of  $27,000,  financed  by  contributions  from  90  per  cent  of  the 
families  of  the  village  and  surrounding  farming  people,  and  the  voluntary  labor 
of  110  persons,  all  the  work  being  done  locally.  A  motion-picture  machine  has 
been  installed,  while  a  large  room  is  given  over  to  the  village  fire  departm^it 


Fig.  28.— Basement  plan  of  Locust  Valley  building.     (By  courtesy  of  Guy  Lowell^ 

architect.) 
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Ro^d  of  Approach 


Fig.  29. — Main  floor  plan,  Locust  Valley  building. 

FARMING  AND  TOWN  COMMUNITY. 
AGRICULTURAL  EXTENSION  ASSOCIATION  FEATURE. 


Fio.  80. — Stock  show  and  social  center  building  at  Logan,  Iowa. 

The  County  Agricultural  Extension  Association  erected  this  building  In  1912, 
In  a  town  of  1,400  population,  as  a  combined  stock  show,  agricultural  exhibit, 
and  social  center,  at  a  cost  of  $5,700,  from  stoclc  issued  to  200  holders.  In  the 
basement,  for  occasional  use,  are  stalls  for  80  animals,  50  wooden  *'  horses  "  for 
com  exhibits,  a  sales  ring  with  rising  tiers  of  seats  sufficient  for  300  people,  and 
a  judges*  platform.    Above  is  the  auditorium  and  stage. 
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First  Floor  Plan 


Basement  Plan 

Fia.  81.— Plans  of  Log&D  building.     (By  courtesy  of  F.  W.  Lanpher,  architect) 
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STOCK  SHOW  AND  FALL  FESTIVAL  FEATURE. 


Fig.  82. — Stock  show  building  at  Stuart,  Iowa. 

Erected  In  1914  in  a  town  of  1,800  population  by  Stock  Show  Association 
(Inc.),  to  be  used  for  stock  sales,  fall  festivals,  athletic  contests,  and  to  house 
conventions  and  large  assemblies.  It  cost  $5,000  and  was  financed  by  volun- 
tary contributions.  The  central  hard-pine  floor,  72  by  48  feet,  together  with 
stage,  is  surrounded  by 'a  cindered  space  with  removable  bleacher  seats. 
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Fig.  83. — Plan  of  Stuart  building.     (By  courtesy  of  DeJarnette  &  Carver,  architects.) 
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GRANGE-HALL  FEATURE. 


Fio.  34. — Grange  Hall  at  Newbury,  Mass. 

Primarily  for  grange  purposes,  this  building  series  also  as  tlie  community 
center  of  a  town  of  1,500  population  and  the  surrounding  farming  community. 
It  was  erected  in  1918  at  a  cost  of  $6,500,  raised  by  the  350  members  of  tlie 
local  grange  from  entertainments,  sales,  auctions,  fairs,  voluntary  labor,  and 
money  contributions.  Receipts  from  the  bowling  alleys  and  the  refreshments 
stand  help  maintain  the  building. 


Fin.  .in.— First  floor  plan  of  Newbury  building.     (By  courtesy  of  I.  S.  Hann,  arcbltecL) 
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Fio.  86. — Second  floor  plan  of  Newbury  building. 
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Fio.  87. — Basement  plan  of  Newbury  building. 
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SCHOOL  FEATURE. 


Fio.  88. — Community  house  at  Wheaton,  Minn. 

A  building  controlled  by  the  school  district  and  connected  with  the  consoli- 
dated high  school.  Erected  in  1916  in  a  town  of  1^00  population  at  a  cost 
of  $26,000,  to  serve  the  town  and  surrounding  farming  community.  Financed 
by  means  of  bond  sales,  entertainments,  general  contributions,  etc.  It  houses 
the  industrial  department  of  the  high  school,  the  county  farm  bureau,  annual 
agricultural  exhibit,  a  community  theater,  a  ladles*  rest  room,  and  a  library. 
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Fio.  39. — First  floor  plan,  Wheaton  building. 
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Fig.  40. — Second  floor  plan,  Wbeaton  building. 
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Fio.  41. — Third  floor  plan,  Wbeaton  building. 
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SWIMMING  POOL  AND  RUNNING  TRACK  FEATURES. 


FiQ.  42. — Gymnasium  and  social  center  building  at  MarysvUle,  Kans. 

A  donated  building  erected  in  1912  at  a  cost  of  $14,000  In  a  town  of  2^00 
population  surrounded  by  a  large  farming  community.  The  water  in  the 
swimming  pool  is  heated  by  circulation  through  a  tubular  boiler.  The  running 
track  Is  used  also  as  a  gallery  for  spectators  of  roller  skating  or  the  basket-ball 
games.    Suph  a  race  track  adds  greatly  to  the  cost  of  building. 
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First  Floor  Plan      Basement  Plan 

Fig.  43. — Plans  of  MarysvUle  building.      (By  courtesy  of  BoUlot  &  Lauck,  architects.) 
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CHURCH-CONTROL  FEATURE. 


Fig.  44. — Community  house  at  Winnetka,  111. 

A  well-planned  building  for  club  and  organization  use  in  a  suburban  town  of 
3,000  inhabitants.  While  the  title  rests  with  a  church,  it  was  financed  by  general 
contribution,  is  managed  by  a  nondenominatlonal  board  of  trustees,  and  is  used 
by  the  whole  community.  It  was  complete<l  in  1911  at  a  cost  of  $36,000.  The 
number  of  club  rooms  of  various  sizes  serves  to  give  an  idea  of  the  number 
of  organizations  which  use  tlie  building.  The  gymnasium  is  used  as  an  audi- 
tor ium,  while  the  kindergarten  room  is  used  as  a  small  assembly  room.  The 
kitchen  serves  both  halls  with  almost  equal  facilitx.  Women  from  the  country 
find  the  neighborhood  room  of  great  convenience,  while  the  various  club  rooms 
are  available  for  the  use  of  agricultural  organizations. 
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Pig.  46. — First-floor  plan,  Winnelka  building.      (By  courtesy  of  A.  S.  Coffin,  architect.) 


Pig.   46. — Second-floor   plan,   Winnetka   building. 
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MUNICIPAL  FEATURES. 


Fig.  47. — Community  building  at  Northfleld,  Minn. 

The  comiimnity  club,  a  combination  of  the  old  commercial  club  and  dric  club, 
sponsored  this  building  as  the  center  of  a  new  movement  In  the  direction  of  town 
and  country  cooperation.  A  building  was  purchasinl  and  reconstructed  in  1918 
at  a  cost  of  $26,000,  financed  by  (1)  general  contributions  of  the  300  members, 
one-third  of  them  farmers,  (2)  a  moderate  donation,  (3)  a  contribution  by  the 
municipality  by  virtue  of  which  it  has  the  use  of  one  floor,  and  (4)  receipts  from 
carnivals,  socials,  minstrel  shows,  and  sales  given  under  the  auspices  of  the 
women's  community  council.  The  ladies'  rest  room  is  a  convenience  to  country 
women,  while  the  assembly  hall  and  kitchen  are  useful  to  the  15  farmers'  clubs 
in  the  near-by  rural  section.    Northlield  has  a  population  of  3,200. 
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Fig.  48.--Plan8  of  Northfleld  building. 
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FARMING  AND  SMALL  CITY. 

FARMERS*  REST  ROOM  FEATURE. 


Fio.  49. — Farmera'  clubhouse  at  Seymour,  Ind. 

A  donated  clubhouse  for  the  exclusive  use  of  residents  of  the  farniiu?  com- 
iminity,  erected  in  1914  in  a  small  city  of  6,000  population.  Maintenance  Is 
perpetuity  is  provided  for  through  an  endowment.  Membership  in  the  Farmers' 
Club  (Inc.),  of  which  there  are  more  than  1,000  families,  is  secured  by  flUing 
out  application  card&  The  building  is  architecturally  pleasing,  as  the  dignified 
lines  of  the  picture  Indicate,  is  finely  furnished,  and  as  nearly  fireproof  as 
possible. 


Fig.  50. — Floor  plan  of  Seymour  building.      (By  courtesy  of  John  Bacon  Hatchlna  k 

Sons,  architects.) 
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Fio.  51. — Community  building  at  Lebanon,  N.  H. 

A  donated  community  building  of  excellent  design  and  complete  as  to  detail, 
located  in  a  small  city  of  5,000  population.  Erected  in  1917,  at  a  cost  of  $42,000, 
for  the  benefit  of  the  people  of  the  town  and  surrounding  farming  community. 
Nearly  every  feature  of  conmiunity  life  can  find  expression  in  this  building. 
Out-swinging  doors,  spacious  halls,  and  wide,  gradually  sloping  stairways  facili- 
tate quick  movement  of  people.  The  assembly  room,  though  on  the  second 
floor,  is  provided  with  adequate  exits.  Every  room  possesses  a  fireplace  and  Is 
well  furnished,  while  the  building  i>ossesses  up-to-date  lighting,  heating,  and 
plumbing  facilities. 


Fio.  52. — Basement  plan,  Lebanon  building.     (By  courteny  of  i\  W.  BJ*bo/y  WOQ^lC 
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Flo.  53. — First  floor  plan,  Lebanon  building. 


Fio.  54. — Second   floor  plan,   Lebanon  bnilding. 
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THIS  bulletin  discusses  the  principles  and  the  ad- 
vantages and  disadvantages  of  the  one-register 
warm-air  house  heating  system.  It  is  not  the  pur- 
pose to  recommend  this  system  in  preference  to 
others  but  to  present  the  facts  in  order  to  assbt  the 
householder  in  selecting  a  heating  system  that  will 
give  the  best  service  and  most  satisfaction  for  the 
money  expended. 

The  system  of  warm-air  heating  treated  in  this  bul- 
letin is  that  in  which  all  the  heat  is  supplied  through 
one  register.  It  has  come  into  much  favor  during  the 
last  few  years.  It  is  known  by  a  variety  of  names, 
one-pipe,  pipeless,  one-heater,  single-heater,  one- 
register,  or  single-register,  and  not  infrequentty  by 
the  name  of  the  manufacturer  of  the  furnace.  This 
bulletin  explains  the  system,  illustrates  the  drcula- 
tion  of  cold  and  warm  air  in  the  rooms,  and  points 
out  conditions  under  which  satisfactory  service  can 
be  expected. 


Contribution  from  the  Bureau  of  Public  Roads 

THOS.  H.  MacDONALD.  Chief 
Washiofton,  D.  C.  Deoeaiber.  1920 
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PRINCIPLE  OF  THE  SYSTElA. 

THE  principle  of  the  one-register  system  of  wann-air  heating, 
which  has  come  into  prominence  during  the  last  few  years,  is  by 
no  means  new.  Some  fifty  or  sixty  years  ago  a  patent  was  granted 
for  a  stove  with  a  jacket  around  it,  to  be  placed  in  the  basement, 
which,  it  was  claimed,  would  deliver  enough  heat  through  a  single 
opening  in  the  floor  above  it  to  heat  an  entire  house.  The  original 
idea,  however,  provided  no  means  for  removing  from  the  rooms  the 
cold  air  which  the  heated  air  must  displace  in  order  to  warm  the 
house  properly.  Consequently,  success  never  crowned  the  efforts  of 
the  original  inventor. 

Subsequent  endeavors  produced  the  present  one-register  furnace, 
which  may  be  considered,  and  not  improperly,  the  successor  to  the 
base-burner.  The  single- register  furnace  is  applicable  to  work  that 
may  be  accomplished  with  stoves  of  large  size  but  its  performance  is 
much  better.  It  distributes  warm  air  more  rapidly  and  evenly 
because  it  draws  away  the  cold  air  from  the  floor. 

CONSTRUCTION  OF  THE  FURNACE. 

The  typical  construction  of  the  furnace  is  shown  on  the  title  page. 
It  consists  essentially  of  a  heater  with  a  single  register  located  di- 
rectly above.  The  register  has  two  parts,  the  center  portion  through 
which  warm  air  passes  upward  and  the  outer  portion  which  conducts 
the  cooler  air  downward  between  the  outer  and  the  inner  casing  to 
the  base  of  the  furnace.  From  there  it  recirculates  upward  around 
the  heating  surfaces  of  the  furnace  and  then  out  again  through  the 
hot-air  part  of  the  register.  The  arrows  in  the  illustration  indicate 
the  direction  of  the  cold  and  warm  air  currents. 

Figures  1  and  2  show,  respectively,  the  floor  plan  and  a  secticm 
through  a  five-room  farmhouse.  In  this  design  all  rooms  are  on  one 
floor.  This  example  of  a  one-register  furnace  with  the  warm  and 
cold  air  outlets  located  as  shown  illustrates  the  air  circulation  which 
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must  occur  to  obtain  satisfactory  heating.  Figure  3  shows  this  tjrpe 
of  furnace  installed  in  a  six-room,  two-story  farmhouse.  The  arrows 
indicate  the  desired  circulation.  , 

CIRCULATION  OF  AIR. 

As  the  heated  air  leaves  the  central  part  of  the  register  it  rises 
straight  to  the  ceiling  and  diffuses  through  all  the  rooms  that  open 
into  the  main  room  or  hall  in  which  the  register  is  located,  provided 
the  door  openings  extend  well  up  to  the  ceiling  and  no  hangings 
interrupt  the  circulation.  If  there  is  an  open  stairway,  part  of  the 
heat  will  circulate  to  the  upper  hall  and  enter  rooms  that  open 
into  it.  A  register  placed  in  the  ceiling  of  a  downstairs  room  under 
some  conditions  may  offer  greater  assurance  of  heating  the  room 
directly  above  if  it  is  desired  that  the  room  should  be  heated  to  a 
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-Floor  plan   nbowiiig   the   circulation  of  warm   and  cooled   air  from  a  one- 
register  furnace. 

higher  temperature  than  other  second-story  rooms.  Ceiling  regis- 
ters, however,  should  not  be  considered  always  as  warm-air  pass- 
ages; they  not  infrequently  may  be  cold-air  returns.  The  result 
depends  upon  the  arrangement  of  stairways  and  lower  find  upper 
story  rooms. 

As  the  heated  air  diffuses  through  the  house  the  colder  and  heavier 
air  falls  to  the  floor.  From  there  it  is  drawn  back  continually  into 
the  furnace  through  the  return  inlets.  It  is  apparent  that  since  all 
the  air  circulates  through  one  register,  which  has  a  relatively  small 
area  as  compared  to  the  volume  of  the  house,  a  concentration  mu^ 
occur  at  this  part  of  the  system.  This  is  sometimes  noticeable  to 
one  sitting  near  the  register  by  a  circulation  of  cooler  air  around 
the  feet;  if  very  uncomfortable,  the  principal  contributing  cause 
may  be  air  from  without  that  flows  to  the  register  from  under  an 
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FIRST-FIX>OH    PLAN. 


SECOND-FLOOR  PLAN. 

FiQ.  3. — Floor  plans  of  a  six-room  houso  showing  the  circulation  of  warm 
air  and    cooled  air    from    a    one-register   furnace.  ^^-^  | 
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outside  door  or  opening  in  line  with  the  register.  By  some  this 
draft  of  cooler  air,  whether  flowing  from  the  inside  or  outside,  is 
considered  a  drawback  to  the  system.  One  might  think  that  the 
room  in  which  the  register  is  situated  would  receive  too  much  heat, 
but  experience  generally  proves  that  this  is  not  the  case.  The  warm 
air  diffuses  quite  evenly,  producing,  usually,  a  comfortable  tempera- 
ture which  at  the  same  level  seldom  varies  more  than  a  few  degrees 
at  different  points  throughout  the  building,  provided  the  arrange- 
ment of  the  house  is  suitable  for  a  one-register  furnace  installation. 


Fio.  4. — Interior  view  of  six-room  house,  showing  the  circulation  of  warm  air  and 
cooled  air  from  a  one-register  fumce. 

FACTORS  AFFECTING  ITS  SUITABILITY. 

It  is  impossible  to  describe  definitely  the  conditions  under  which 
the  installation  of  a  one-pipe  furnace  should  be  recommended. 
There  are  a  nmnber  of  variable  factors.  The  arrangement  of  the 
rooms  is  very  important;  there  must  always  be  an  unobstructed 
passage  for  the  air  from  room  to  room.  Nothing  must  interfere 
with  the  air  circulation  nor  divert  it  from  any  room  that  is  to  be 
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heated.  The  number  of  rooms  that  may  be  effectively  heated  isopa 
to  question.  A  conservative  manufacturer  generally  will  not  recom 
mend  it  for  any  home  until  he  has  examined  the  plans  of  the  house. 
and  he  will  sell  with  the  reservation  that  he  does  not  agree  to  make 
comfortable  rooms  which  do  not  open  directly  into  the  room  where 
the  furnace  outlet  is  located.  The  following  paragraphs  are  quoted 
from  a  "  Proposal  for  heating "  used  by  a  large  manufacturer  oi 
one-pipe  furnaces : 

In  consideration  of  payment  of  the  purchase  price  at  the  time  stipolated,  w 
agree  and  guarantee  that  this  furnace,  properly  operated,  will  furnish  guffidwit 
heat  for  all  the  rooms  opening  into  the  main  room  where  the  hot-air  register 
face  is  situated. 

It  must  be  understood  that  the  method  of  heating  from  one  register  do«  not 
warm  all  rooms  alike,  and  that  rooms  shut  off  from  the  room  where  the  heating 
register  is  placed  are  not  materially  influenced  by  it.  By  the  use  of  ceiliru: 
registers  the  upper  rooms  above  that  where  the  Ixeat  register  is  situated  will  ^ 
tempered  comfortably  for  sleeping  purposes.  The  main  room  with  the  hrtt 
register  wiU  be  warmed  without  difficulty  to  a  comfortable  degree  (70°  F.' 
in  coldest  weather. 

Another  reliable  firm  gives  a  guaranty  that  "  if,  after  60  days'  trial 
in  cold  winter  weather  the  heater  is  not  satisfactory,  it  can  be  takes 
out  and  returned  to  the  manufacturers,  who  will,  on  their  pait 
refund  the  original  purchase  price  paid  for  it." 

There  have  been,  however,  manufacturers  of  one-register  furnace 
whose  enthusiasm  has  led  them  to  make  apparently  extravagant 
claims  for  their  product,  even  advertising  to  heat  any  house  with  this 
type  of  furnace.  T\Tiile  there  may  be  houses  of  exceptionally  larp? 
size  in  which  a  one-register  furnace  has  been  installed  and  is  ginng 
satisfactory  service,  the  fact  should  be  considered  as  the  exception 
rather  than  the  rule.  The  requirements  of  families  using  a  heatin? 
system  may  differ  widely.  What  might  be  regarded  as  a  satis- 
factory  and  efficient  single-register  furnace  by  one  family  by  another 
f  amilj^  might  be  considered  quite  the  contrary. 

In  one  instance  a  conservative  manufacturer,  in  spite  of  the 
greatest  care  in  selling,  with  agreements  that  excepted  attempts  to 
heat  other  than  the  main  living  room,  foimd  it  necessary  to  replace 
the  one-register  furnace  by  a  pipe  furnace  in  houses  of  five  to  ei^t 
rooms  in  order  to  have  certain  rooms  heated  to  a  desired  temi^erature. 
Contrasted  to  this  is  one  gentleman  who  states  that  his  IG-room 
house,  with  no  storm  windows,  was  perfectlj^  warmed  through  i 
severe  Vermont  winter  by  a  furnace  that  the  manufacturer  rated  «i 
seven  or  eight  rooms'  capacity. 

Many  families  prefer  and  others  demand  cool  bedrooma,  and  is 
apparatus  that  warms  those  rooms  to  a  temperature  above  50°  or  &^ 
F.  is  not  required.  On  the  other  hand,  some  families,  especiaDj 
those  in  which  are  elderly  or  delicate  members,  require  warmer  hall* 
and  sleeping  rooms.  Under  such  conditions  particularly  the  limits 
tions  of  this  system  should  be  considered.    In  cold  winter  weather 
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too  much  reliance  probably  should  not  be  placed  in  a  one-register 
installation  if  a  temperature  of  70°  and  upward  is  required  in 
second-story  bedrooms,  halls,  bathroom,  kitchen,  or  any  rooms  that 
are  detached  or  distant  from  the  main  room  in  which  the  register  is 
placed. 

LIMITATIONS  OF  THE  ONE-REGISTER  FURNACE. 

The  one-register  furnace  is  no  exception  to  the  rule  that  every- 
thing has  advantages  and  disadvantages  and  must  prove  itself  before 
it  will  receive  recognition.  When  the  one-register  furnace,  as  a 
commercial  article,  was  new  many  manufacturers  were  inclined  to 
question  the  correctness  of  some  apparently  extravagant  claims 
that  had  been  made  regarding  it,  although  they  did  not  doubt  the 
honesty  of  the  writers.  Longer  experience  has  convinced  those  that 
then  composed  the  more  conservative  group  that  many  of  the  state- 
ments were  correct  in  their  essential  features. 

This,  however,  does  not  establish  the  universal  suitability  of  the 
one-register  furnace  for  all  houses,  but  should  rather  impress  a  pros- 
pective owner  with  the  advisability  of  proceeding  with  as  much  cau- 
tion in  the  purchase  of  one,  as  the  manufacturers  showed  in  finally 
indorsing  it. 

To-day  there  are  perhaps  thousands  of  instances  where  this  system 
of  heating  is  irf  operation  with  complete  satisfaction,  and  where  the 
owner  would  now  consider  no  other.  These  cases,  however,  do  not 
include  houses  in  which  one  or  more  rooms  are  shut  off  from  the 
others,  nor  are  they  often  foujid  in  one-story  houses  where  the 
grouping  of  the  rooms  is  long  rather  than  square ;  ^  or  in  two-story 
houses  of  more  than  8  or  10  rooms  where  the  dimensions  of  the  house 
exceed  a  length  of  about  40  feet  and  a  width  of  about  30  feet. 

Some  advocates  of  this  system  claim  that  it  has  a  distinct  ad- 
vantage over  the  ordinary  warm-air  furnace  for  the  reason  that  in 
the  ordinary  furnace  a  pipe  10  inches  in  diameter,  which  has  an 
area  of  slightly  more  than  one-half  square  foot,  must  carry  all  the 
warm  air  for  each  separate  room  from  the  furnace,  whereas  the  door- 
ways, through  which  the  heat  from  the  one-register  furnace  is  trans- 
mitted, are  about  17  square  feet  in  area,  approximately  35  times 
as  great  as  the  pipe  area.  The  argument  has  indeed  been  used  that, 
instead  of  carrying  the  heat  through  a  small  pipe,  you  carry  it  through 
the  door  openings,  or  rather  you  do  not  have  to  carry  it,  it  simply 
goes  in.  This  may  seem  convincing  at  first  thought,  but  it  should  be 
remembered  that  warm  air  may  be  delivered  into  a  room  directly 
from  the  furnace  through  a  separate  pipe  at  a  higher  temperature 
than  when  it  is  made  to  circulate  through  doorways,  for  as  air  circu- 
lates from  one  room  to  another  of  lower  temperature  it  becomes 
[•ooled ;  consequently  the  farther  it  has  to  go  and  tlio  longer  it  takes 

»  Some  manufacturers  do  not  advise  trying  to  heat  over  1.500  sijuart*  tvet  of  floor 
space  on  one  floor. 
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the  less  heat  will  it  contain  when  it  finally  reaches  the  room  farthest 
from  the  register.  One  is  more  certain,  therefore,  of  obtaining  the 
necessary  amount  of  air  at  any  desired  temperature  by  means  of  a 
direct  pipe  from  the  furnace. 

One  of  the  essential  requirements  of  the  system  is  to  install  the 
furnace  approximately  under  the  center  of  the  first  floor,  while,  for 
warm-air  pipe  heating  it  is  considered  in  the  interest  of  good  (^^ 
sign  to  place  the  furnace  nearer  the  windward  side  of  the  house  in 
order  to  favor  the  colder  side  on  windy  days  with  shorter  pipe  runs. 

The  argument  has  been  advanced  that  the  one-pipe  furnace  acts 
as  a  sort  of  atmospheric  sterilizer  by  removing  dust  and  germs 
from  the  heated  rooms.  If  the  circulation  is  strong  enough 
some  particles  of  dust  floating  in  the  rooms  are  no  doubt  carried  to 
the  furnace,  pass  through  it  and  are  again^discharged  into  the  rooms. 
If  much  dust  is  present  it  will  settle  on  nearby  objects,  and  even  dis- 
color walls  and  curtains,  but  the  air  is  neither  contaminated  nor  puri- 
fied by  circulating  through  the  heater. 

This  system  does  not  provide  ventilation,  since  it  recirculates  the 
air  over  and  over  again  and  must  depend  on  the  opening  of  doors 
and  windows  and  on  infiltration  for  its  supply  of  fresh  air,  thou^ 
in  this  it  does  not  differ  from  most  residential  hot- water,  steam,  or 
vapor  plants.  Warm-air  pipe  furnaces,  when  properly^  installed,  in- 
clude a  fresh-air  inlet. 

MEANS  OF  HEATING  A  DETACHED  ROOM. 

Probably  more  skepticism  has  been  expressed  about  the  ability  of 
the  one-register  furnace  to  heat  the  bath  or  other  closed  or  detached 
room  than  about  any  other  claim  that  is  made  for  it.     Since  the 
success  of  the  system  depends  on  the  transfer  of  heat  from  room  to 
room  through  the  doorways,  it  is  clear  that  the  closing  of  the  door 
of  any  room  other  than  the  one  iii  which  the  register  is  located  will 
cut  off  the  supply  of  heat  to  that  room.    If,  therefore,  the  room  is 
one  which  it  is  necessary  to  keep  closed,  such  as  the  bathroom,  it 
may  be  necessary  to  provide  other  means  of  maintaining  the  desired 
temperature.    To  remedy  this  partially,  transoms  may  be  provided 
over  the  doors.    These  can  then  be  left  open,  but  an  opening  should 
also  be  left  at  the  bottom  of  the  door.    Another  plan  is  to  install  a 
hot- water  radiator  connected  with  an  ordinary  range  boiler,  like  the 
arrangement  shown  in  figure  5 ;  or,  if  there  is  sufficient  space,  and 
there  is  no  objection  to  the  appearance,  the  range  boiler  may  be 
located  in  the  bathroom  and  connected  to  a  water  coil  in  the  fur- 
nace, provided  the  latter  has  proper  openings.    The  radiation  from 
this  boiler  is  frequently  sufficient  to  heat  the  room  to  the  desired 
temperature.     Still  another  method,  shown  in  figure  7,  is  to  use « 
furnace  in  which  a  part  is  partitioned  off  and  dampered  so  that  the 
air  heated  in  that  part  may  be  directed  through  a  separate  pipe  to 
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the  bath  or  other  detached  room.  When  heat  is  not  required  in  that 
room,  it  may  be  directed  through  the  large  register  by  altering  the 
position  of  the  damper.  While  such  a  plan  is  feasible,  the  system 
with  that  arrangement  could  not  properly  be  classed  as  a  one-regis- 
ter installation. 

ADVANTAGES  OF  THE  ONE-REGISTER  FURNACE. 

The  one-register  furnace  is  a  valuable  addition  to  the  means  of 
heating  houses  and,  particularly,  stores,  halls,  churches,  shops,  etc. 
It  is  comparatively  simple  to  install.    Installation  by  a  good  me- 


FlG.  5. — Bath  and  other  detcbed  rooiJii»  which  may  nec«'H8arily  hv  closed  off  from  the 
reet  of  the  house  can  often  be  heated  satisfactorily  by  using  a  hot-water  rdlator 
In  connection  with  the  one-renter  furnace.  When  this  scheme  is  used,  the  safety 
valve  on  the  boiler  should  be  set  so  that  the  pressure  in  the  system  will  never 
become  excessive. 

[^hanic  fainiliar  with  the  heating  business  offers  greater  certainty 
than  if  the  work  is  done  by  an  inexperienced  person. 

The  price  of  a  one-register  furnace  installation  is  moderate,  and 
svithin  the  reach  of  every  householder  who  can  afford  a  large  base- 
!>umer  of  the  better  sort.  Within  its  field,  therefore,  it  offers  to  those 
wrho  heretofore  may  not  have  felt  that  they  could  afford  a  heating 
plant  an  opportunity  to  get  real  heating  comfort  at  a  moderate  price. 
It  presents  a  means  of  heating  many  old  houses  in  which  the  installa- 
ion  of  a  first-class  pipe  heater  would  be  too  expensive  to  justify  con- 
dderation. 
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CORN  YIELDS  can  be  increased  more  surely  and 
more  cheaply  by  the  use  of  better  seed  than  in 
any  other  way. 

Seed  corn  should  be  selected  in  the  field  from 
stalks  which  yield  best  in  equal  competition  with 
others.  It  should  be  of  a  variety  which  succeeds  well 
and  matures  under  local  conditions.  Ears  should  be 
saved  only  from  stalks  free  from  disease.  Drooping 
ears  which  shed  rain  readily  should  be  selected,  and 
these  should  be  borne  on  the  stalks  at  a  convenient 
height  for  husking.  In  the  South,  ears  which  are  well 
protected  from  insects  by  a  long,  tight  shuck  covering 
should  be  chosen. 

The  same  day  the  seed  is  gathered  it  should  be 
hung  in  a  dry,  airy  place.  One  of  the  best  ways  to 
cure  seed  corn  is  to  hang  it  from  the  rafters  of  a  bam 
or  open  shed.  It  should  not  be  allowed  to  freeze  be- 
fore it  is  thoroughly  dry.  After  it  is  well  cured  it 
should  be  stored  in  a  dry  place  where  it  will  remain 
secure  from  mice,  rats,  birds,  and  insects.  Well- 
cured  seed  corn  will  yield  a  much  better  crop  than 
seed  originally  as  good  but  injured  through  lack  of 
care. 

Generally  speaking,  the  seed  corn  that  produces 
the  best  crop  is  the  cheapest.  Farmers  are  justified 
in  devoting  considerable  time  to  selecting  and  caring 
for  it  or  in  paying  good  prices  if  better  seed  com  is 
purchased. 


Contribution  from  the  Bureau  of  Plant  Industry 

WM.  A.  TAYLOR,  Chief 

Waahington.  D.  C.  September,  1920 
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0.  P.  Habtley, 
Agronomist  in  Charge  of  Corn  Investigations^  Office  of  Cereal  Investigations. 
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LOW  YIELDS  DUE  TO  POOR  SEED  CAN  BE  PREVENTED. 

THE  AVERAGE  ACRE  YIELD  of  corn  for  the  entire  United 
States  is  but  26  bushels,  yet  in  practically  every  section  two 
or  three  or  even  four  times  that  quantity  frequently  is  produced. 
Improving  the  quality  of  the  seed  corn  is  one  of  the  surest  ways  of 
increasing  the  yield. 

Each  spring  good  seed  com  is  scarce.  This  condition  is  entirely 
unnecessary,  and  it  is  much  more  serious  than  is  commonly  supposed, 
because  many  do  not  fully  realize  the  tremendous  loss  to  themselves 
and  the  country  caused  by  planting  inferior  seed.  A  full  stand 
may  be  obtained  from  inferior  seed,  but  the  yield  will  be  lower  than 
good  seed  would  have  produced. 

The  loss  is  due  to  delay  or  negligence.  It  usually  can  be  prevented 
by  the  selection  of  seed  corn  in  the  field  m  the  fall.  If  good  seed 
corn  could  be  manufactured  in  a  few  weeks'  time,  factories  would 
be  working  day  and  night  from  March  until  June.  Each  spring 
many  correspondents  inform  the  United  States  Department  of  Agri- 
culture of  their  willingness  to  pay  good  prices  for  good  seed  corn  and 
of  their  inability  to  obtain  it. 

THE  VERY  BEST  SEED  IS  AVAILABLE  AT  RIPENING 

TIME. 

Autumn  is  the  time  to  prepare  for  a  profitable  com  crop  in  the 
following  season.  This  bulletin  should  prove  more  valuable  and 
timely  than  any  replies  that  can  be  written  to  springtime  correspond- 
ents regarding  seed  corn.  Its  object  is  to  prevent  the  scarcity  of 
first-class  seed  com  each  spring.    This  scarcity  can  be  prevented  by 
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PiQ.  1. — xj.  S.  SelectioD  77  com  in  crib  in  soathern  Ohio,  Just  as  It  came  from  the  field. 
Twenty  years  of  seed  selection  have  greatly  increased  the  productivity  of  thia  variety. 

selecting  a  two  years'  supply  of  seed  when  it  is  most  abundant  and 
when  the  very  best  can  be  obtained,  at  ripening  time,  before  it  has 
been  in  any  way  reduced  in  vitality  and  productivity.  Many  let 
this  opportunity  pass,  expecting  to  purchase  their  seed  com,  only  to 
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find  in  the  winter  or  spring  that  they  can  not  buy  at  any  price  as 
good  seed  as  they  could  have  selected  in  the  autumn.  Figure  1  shows 
a  fair  sample  of  what  well-bred,  well-selected  seed  com  will  produce. 

VmERE  TO  OBTAIN  THE  BEST  POSSIBLE  SEED  CORN. 

Unless  a  commimity  has  its  experienced  and  honest  com  breeder, 
the  best  place  for  the  f araier  to  obtain  seed  com  is  from  the  fields  on 
his  farm  or  in  his  neighborhood  which  were  planted  with  a  variety 
that  generally  has  proved  successful  in  the  locality. 

CORN  BREEDING  IS  A  SPECIAL  LINE  OF  WORK. 

Some  farmers  buy  all  their  seed  com,  others  buy  only  enough 
every  few  years  to  produce  their  own  seed  for  main-crop  planting. 
Which  is  the  better  plan  depends  upon  whether  the  farmer  can  pro- 
duce as  good  seed  and  care  for  it  as  well  as  the  person  from  whom 
he  buys. 

Well-conducted  com  breeding  requires  special  methods  that  farm- 
ers generally  do  not  have  time  to  apply.  If  there  is  in  your  locality 
a  com  breeder  who  demonstrates  each  year  the  superiority  of  his 
com,  you  can  afford  to  pay  him  well  for  his  superior  seed.  Five 
dollars  a  bushel  should  prove  a  profitable  price  for  both  parties 
under  ordinary  conditions.  Such  com  breeders  are  improving  vari- 
ous kinds  of  com,  just  as  cattle  breeders  are  improving  various 
breeds  of  live  stock  by  breeding  from  the  most  profitable  individuals. 

The  general  farmer  is  a  producer  rather  than  a  breeder  of  com. 
He  profits  by  the  careful  work  of  the  com  breeder  by  adopting  the 
higher  yielding  strains  for  his  general  crop.  However,  he  must  re- 
member that  all  the  com  grown  from  the  bushel  of  purchased  seed 
is/not  necessarily  as  good  for  seed  as  was  the  original  bushel.  Son^e 
of  it  may  be  better,  but  much  of  it  is  likely  to  be  poorer.  Com  is 
constantly  producing  variations  and  mutations,  and  can  be  improved 
thereby  or  allowed  to  "  run  out."  * 

WHAT  CONSTITUTES  GOOD  SEED  CORN. 

Too  many  people  consider  seed  good  simply  because  it  will  grow. 
To  be  first  class,  seed  must  be — 

(1)  Well  adapted  to  the  climatic  and  soil  conditions  where  it  is  to  be 
planted. 

(2)  Of  a  high-yielding  variety  and  from  the  high-yielding  stalks  of  that 
variety. 

(3)  We!l  matured  and  preserved  from  ripoiing  time  till  planting  time  in  a 
manner  that  will  retain  its  full  productivity. 

(4)  Free  from  disease  and  insect  injury.  Such  freedom  may  indicate  re- 
sistance to  infection. 

^  Those  especially  interested  in  the  imptorement  of  com  by  methods  of  breeding  can 
receiye  detailed  information  upon  application  to  the  Secretary  of  Agriculture. 
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The  importance  of  these  four  requirements  has  been  fully  demon- 
strated by  experiments.  Brief  statements  of  the  experimental  evi- 
dence follow : 

y.)  During  five  years  12  well-bred  varieties  were  compared  in  10  Nortbem  • 
States,  equivalent  lots  of  seed  being  planted  in  each  State.    Varieties  that  pro- 
duced most  in  some  States  were  among  the  poorest  in  others. 

(2)  Seed  ears  taken  from  the  highest  yielding  rows  of  ear-to-row  breeding 
plats  have  repeatedly  produced  better  than  seed  ears  taken  from  poorer  jrield- 
ing  rows.  Seed  ears  from  the  highest  yielding  stalks  found  in  a  general  field 
produced  better  than  equally  large  and  good-appearing  seed  ears  taken  without 
considering  the  inherent  productiveness  of  the  parent  stalks. 


Fig.  2. — A  fiold  of  corn,  showing  a  good  method  of  selecting  seed.  The  men  are  searching 
for  plants  that  have  produced  heavily  under  average  conditions  and  in  close  corappti- 
tion  with  loss  productive  plants  in  the  same  and  adjacent  hills. 

(3)  Four  hundred  ears  were  divided  into  two  equal  lots,  one  lot  being  well 
cared  for  and  the  other  placed  in  a  barn  as  com 'ordinarily  is  cribbed.  The 
well-preserved  seed  produced  yields  12  per  cent  higher  on  poor  soil  and  27  per 
cent  higher  on  fertile  soil  than  that  poorly  preserved,  notwithstanding  tlie  fact 
that  both  lots  of  seed  germinated  equally  well. 

(4)  Diseased  ears  or  apparently  healthy  ears  from  diseased  shanks  or  stalks 
have  given  lower  yields  than  disease-free  ears  from  normal  stalks.  Apparently 
healthy  ears  were  selected  and  separated  by  test  on  a  special  germlnator  into 
actually  diseased  and  disease-free  lots.  The  average  acre  yield  from  the  ears 
shown  to  be  diseased  was  15  bushels  less  than  that  from  the  sound  ears.  For 
a  full  discussion  of  the  selection  of  seed  com  free  from  the  rot  diseases  of  roots, 
stalks,  and  ears,  see  Farmers*  Bulletin  1176. 
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HOW  TO  GATHER  SEED  CORN. 

MAKE  SEED-CORN  GATHERING  A  SPECIAL  TASK. 

At  com-ripening  time  drop  all  other  business  and  select  an  abun- 
dance of  seed  corn.  The  work  is  too  important  to  be  conducted  inci- 
dentally while  husking.  When 
selecting  seed  com  give  it  your 
entire  attention  and  select  for 
the  one  most  important  char- 
acter, the  power  to  yield  well. 
Get  the  very  best  that  is  to  be 
had  and  dry  it  promptly,  and 
your  increased  yields  will  re- 
turn you  more  profit  than  any 
other  work  you  can  do  on  your 
farm. 

The  only  proper  way  to  se- 
lect seed  com  is  from  the 
stalks  standing  -where  they 
grew,  as  soon  as  the  ears  are 
ripe  and  before  the  first  hard 
freeze. 

SELECT    ONLY    FROM    THE 

BEST-PRODUCING 

PLANTS. 

As  soon  as  the  crop  matures 
go  through  the  field  with  a 
picking  bag  (fig.  2)^  and  husk 
the  ears  from  the  stalks  that 
have  produced  the  most  good 
corn  without  ha\'ing  had  any 
special  advantages,  such  as 
excess  of  space,  moisture,  or 
fertility.  Avoid  the  large 
ears  on  stalks  standing  singly 
ivith  an  unusual  amount  of 
space  around  them.  Pref- 
erence should  be  given  the 
plants  that  have  produced 
most  heavily  in  competition  with  a  full  stand  of  vigorous  plants 
(fig.  3). 


Fig.  3. — The  three  seeds  planted  In  this  hill 
evidently  differed  in  their  heritable  char- 
acters. One  ear  is  erect,  permitting  water 
to  enter;  two  are  small  and  too  high.  In 
gathering  seed,  only  the  large  ear  at  con- 
venient height  should  be  considered. 


«  The  picking  bags  shown  in  figure  2  are  always  open  for  filling  and  may  be  instantly 
opened  at  the  bottom  for  emptying. 
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In  all  localities  the  inherent  tendency  of  the  plant  to  produce 
heavily  of  sound,  dry,  shelled  com  is  of  most  importance.  A  well- 
balanced  stalk  (fig.  4)  bearing  two  long  ears  will  usually  be  found 
to  have  produced  as  much  grain  as  any  other  stalk.  Both  ears  are 
equally  valuable  for  seed,  even  though  one  may  be  much  smaller 
than  the  other. 

Late-maturing  plants  with  ears  heavy  because  of  an  excessive 
amount  of  sap  should  be  ignored.     Sappiness  greatly  increases  the 

hsirvftfit    CTZA    ftud    "Wftio-ht. 


FiG.  4. — The  number  of  ears  on  the  stalk  can  be  controlled  by  hybridisation  and  by 
selection.  Two  ears  balance  well  on  a  stalk,  but  a  variety  should  be  allowed  to 
vary  in  the  direction  in  which  it  yields  most  abundantly  of  good  grain. 

In  the  more  northern  States  two  varieties  usually  are  desirable, 
an  early-maturing  variety  for  grain  and  a  later,  ranker  growing 
one  for  ensilage.  Vigorous  seed  of  the  ensilage  variety  usually  can 
be  obtained  most  advantageously  from  farther  south,  where  it  readies 
full  maturity.  Such  seed  will  stand  unusually  early  planting.  The 
ensilage  variety  should  be  planted  two  or  three  weeks  earlier  than 
the  variety  grown  for  grain,  rather  than  later,  as  too  often,  is  the 
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case.  When  planted  in  April  or  early  May,  ensilage  varieties  pro- 
duce much  more  grain  and  mature  much  better  than  when  planted 
late. 

More  rapid  progress  in  acclimatizing  higher  yielding  strains  in 
the  Northern  States  would  be  made  if  sufficient  seed  were  selected 
from  each  well-matured  crop  to  last  till  the  next  well-matured  crop 
is  obtained. 

Our  seed  selection  should  be  in  cooperation  with  natural  selection. 
"  The  survival  of  the  fittest  ^  should  be  recognized  and  seed  selected 
only  from  individuals  that  have  reproduced  best  and  most  abim- 
dantly.  Seed  should  be  selected  only  from  individuals  which  have 
resisted  smut  and  other  harmful  diseases. 

The  tendency  to  reproduce  ears  proof  against  weevils  because  of 
long,  tight-fitting  shucks  should  be  used  to  advantage  when  selecting 
seed  in  weevil-infested  States. 

The  tendency  for  com  to  produce  suckers  is  hereditary.  Other 
things  being  equal,  seed  should  be  taken  from  stalks  that  have  no 
suckers. 

TREATMENT  OP  SEED  IMMEDIATELY  AFTER 
GATHERING. 

The  same  day  seed  corn  is  gathered  the  husked  ears  should  be  put 
in  a  dry  place  where  there  is  free  circulation  of  air  and  placed  in 
such  a  manner  that  the  ears  do  not  touch  each  other.  This  is  the 
only  safe  procedure.  The  writer  has  repeatedly  seen  good  seed  ruined 
because  it  was  thought  to  be  already  dry  enough  when  gathered  and 
that  care  ii\  curing  was  unnecessary.  Many  farmers  believe  that 
their  autumns  are  so  dry  that  such  care  is  not  needed.  In  every 
locality  seed  com  gathered  at  ripening  time  will  be  benefited  by 
prompt  drying.  If  left  in  the  husk  long  after  ripening,  it  may 
sprout  or  mildew  during  warm,  wet  weather  or  be  injured  by 
freezing. 

The  vitality  of  seed  often  is  reduced  by  leaving  it  in  a  sack  or  in 
a  pUe  for  even  a  day  after  gathering.  During  warm  weather,  with 
some  moisture  in  the  cobs  and  kernels,  the  ears  begin  to  sour  or  mil- 
dew in  a  remarkably  short  time. 

A  good  method  of  drying  the  seed  ears  immediately  after  gather- 
ing is  shown  in  figure  5.  Ordinarily  the  best  place  to  hang  these 
strings  of  ears  is  in  an  open  shed  or  loft. 

Wire  racks,  like  those  shown  in  figures  6  and  7,  are  more  conven- 
ient and  in  the  end  cheaper  than  binder  twine  or  cord.  Credit  for 
the  idea  of  making  such  racks  from  electrically  welded  wire  fencing 
is  due  to  a  seed-corn  company.  How  to  cut  the  fencing  into  seed- 
corn  racks  without  any  waste  is  shown  in  figure  7.    Fencing  having 
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horizontal  wires  4  inches  apart  and  upright  wires  2  inches  apart 
may  be  obtained  in  widths  of  2,  3,  and  4  feet.  Dealers  can  usually 
supply  such  fencing  to  fanners  at  an  initial  cost  of  about  10  cents 


Fig.  5. — ^A  good  method  of  drying  seed  ears,  stringing  them  immediately  after   they  *re 
gathered  and  hanging  them  in  a  breezy  place. 

for  each  bushel  of  seed  suspended.  These  racks  will  last  many 
years,  and  are  light  and  easily  stored  when  not  in  use.  A  wooden 
rack  is  shown  in  figure  8. 

Fire  will  be  necessary  only  during  unusually  damp  weather  at 
seed-gathering  time.     If  heat  is  employed  in  a  poorly  ventilated 
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room  it  will  do  the  seed  ears  more  injury  than  good.  If  used,  the 
fire  should  be  slow,  long  continued,  and  situated  below  the  seed  ears, 
with  good  ventilation  above  them.  The  seed  ears  should  not  be 
allowed  to  freeze  unless  they  are  thoroughly  dry. 

WINTER  STORAGE  OF  SEED  CORN. 

After  hanging  in  the  shed  or  lying  on  the  racks  for  two  months, 
the  seed  ears  should  be  "dry  as  a  bone"  and  contain  less  than  10* 
per  cent  of  moisture.    They  can  remain  where  they  dried  or  be 
stored   in  mouse-proof  barrels,   boxes,  or 
crates  during  the  winter,  but  in  either  case 
must  not  be  exposed  to  a  damp  atmosphere 
or  they  will  absorb  moisture  and  be  injured. 
Some  farmers  place  the  thoroughly  dried 
seed  ears  in  the  center  of  a  bin  and  fill  with 
loose  dry  wheat  or  oats.    This  protects  the 
ears  from  rats  and  mice. 

PREVENTING  INJURY  BY  WEEVILS 
OR  GRAIN  MOTHS. 

If  at  any  time  signs  of  weevils  or  grain 
moths  show  on  the  dry  seed  ears  they 
should  be  inclosed  with  carbon  bisulphid  in 
practically  air-tight  rooms,  bins,  boxes,  or 
barrels  for  48  hours.  The  bisulphid  should 
be  placed  in  shallow  dishes  or  pans  on  top 
of  the  seed.  A  half  pint  is  sufficient  for  a 
box  or  barrel  holding  10  bushels  or  less. 
One  pound  is  sufficient  for  a  room  or  bin 
10  feet  each  way.  After  fiunigation  the 
ears  should  be  thoroughly  aired,  taking  care 
that  no  fire  is  present  when  the  fumigating 
box  is  opened,  as  the  gas  is  explosive. 

In  localities  where  weevils  and  grain 
moths  injure  stored  grain,  the  thoroughly 
dry  seed  ears  should  be  stored  in  very  tight  mouse-proof  receptacles, 
with  1  pound  of  moth  balls  or  naphthalene  inclosed  for  each  bushel 
of  com.  This  quantity  tightly  inclosed  with  the  corn  will  prevent 
damage  from  those  insects  and  will  not  injure  the  seed. 

The  material  will  cost  about  10  cents  a  pound.     One  dollar's 
worth  will  protect  seed  enough  to  plant  60  acr^. 

TESTING  THE  GERMINATION  OF  SEED  CORN. 

Seed  com  that  matured  normally  and  has  been  properly  preserved 
will  grow  satisfactorily.     It  is  very  poor  management  to  neglect 

Digitized  by  VJ^^\^QIC 


Fig.  6. — Seed  ears  suspended 
by  means  of  wire  racks 
made  from  electrically 
welded  fencing.  Figure  7 
shows  how  to  cut  these 
racks. 
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proper  preservation  and  to  spend  time  in  the  spring  separati 
germination  tests  those  ears  that  have  been  badly  damaged  from 
those  that  have  been  slightly  damaged.  Prevention  is  better  than 
cure,  and  in  this  case  a  cure  is  impossible. 


Fig.  7. — Seed  corn  racks  made  from  electrically  welded  wire  fendny,  showing  ^ 
method  of  construction ;  also  a  mouse-proof  crate  for  storing  seed  com  in  winter. 

Ears  slightly  damaged  by  poor  preservation  may  germinate  1^0 
per  cent,  but  will  produce  less  than  if  they  had  received  better  care. 

Make  a  seed-corn  testing  box  or  rag-doll  tester  and  test  100  eais 
separately.    Be  sure  that  each  kernel  tested  is  perfect  in  appearance 
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and  was  not  injured  at  the  tip  when  removed  from  the  ear.    If  three 
or  more  kernels  out  of  ten  from  any  ear  fail  to  grow  it  will  be 
advisable  to  test  every  ear  before  planting.    If  the  seed  has  been 
properly  selected  and  preserved,  the  100  ears  tested  will  seldom  reveal 
any   poor   ones,   and 
further  testing  of  the 
supply  will  be  unnec- 
essary* 

GRADING  SEED 
CORN. 

Shelled  com  is  dif- 
ficult   to    grade    sat- 
isfactorily.    The 
grading,  can  be  done 
better  before  the  ears 
are    shelled.     If  the 
seed  ears  vary  greatly 
\TL    size    of    kernels, 
they  should  be  sepa- 
rated into  two  grades. 
These  grades  should 
be  shelled  separately, 
tried  in  the  corn 
planter,     and     num- 
bered to    correspond 
witb  the  number  on 
the    planter  plates 
found  to  drop  them 
most   uniformly. 
These     arrangements 
can  be  completed  be- 
fore    the     rush     of 

SX^TTLllSt    work'  befidns.  ^'**'  ®* — ^  ^°^  ™*^*^  ^^^  drying  seed  corn. 

TTie  kernels  of  varieties  of  corn  differ  widely  in  size  and  shape,  as 
sho'wn  in  figure  9* 

METHODS  OF  SHELLING. 

SEED  EARS  SHOULD  FIRST  BE  NUBBED. 

The  first  operation  in  properly  shelling  seed  com  is  the  removal 
of  the  small  kernels  from  the  tips  of  the  ears  and  the  round,  thick 

a  Oomplete  directions  for  testing  seed  com  are  given  in  Fanners'  Bulletin  948,  entitled 
•  xi^  Bag-DoU  Seed  Tetter." 
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kernels  from  the  butts.  The  small  tip  kernels  are  less  productiTe 
than  the  other  kernels  of  the  ear.  The  romid  butt  kernels  are  as 
productive  as  the  other  kernels  of  the  ear,  but  do  not  drop  unifonnly 
in  a  planter. 

HAND   SHELLING   IS   THE   BEST   METHOD. 

Shelling  seed  corn 'carefully  by  hand  is  profitable.     The  greater 
the  acreage  planted,  the  greater  the  profit.    Each  ear  should  be 


ft 
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6f  Of  ft  91 

Fig.  9. — Corn  keraels  vary  widely  in  size  and  shape.  Some  of  the  variations  are  ahovB 
here.  Upper  row  (left  to  right),  two  kernels  each  of  Pearl  pop  com  and  StoveQ 
Evergreen,  Country  Gentleman,  and  Black  Mexican  sweet  com.  Second  row,  tvo 
yellow  and  two  white  kernels  of  Cuzco  corn  from  Peru.  The  remaining  kernels  in  this 
row  and  'those  in  the  third  and  fourth  rows  show  variations  in  size  and  shape  of 
kernels  common  to  most  corn-belt  varieties.  Uniformity  in  size  and  shape  facilitates 
accurate  machine  planting.  Equally  good  varieties  may  have  kernels  totally  different  in 
size  and  shape. 

shelled  separately  into  a  sieve,*  rejecting  any  worm-eaten  or  blem- 
ished kernels.  If  the  supply  from  the  one  ear  appears  good  and 
contains  no  poor  kernels,  it  is  poured  into  the  general  supply  and 
another  ear  is  shelled  in  the  same  way. 

*  A  large  sieve  with  quarter-inch  mesh  and  a  concave  bottom  screens  the  chaff  from  tbr 
kernels  and  is  easily  emptied. 
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woolly  aphis,  habits  and  control 1169  87-88 

Beef,  consumption  per  capita  and  comparison  with  other  meats •  1172  3 

Beets — 

seed,  selection,  storing  and  transplanting 1152  3-15 

seed.    See  also  Stecklings. 
sugar — 

production  for  seed,  selection,  etc 1152  3-15 

seed  growing  in  Rocky  Mountain  States,  bulletin  by  W.  W. 

Tracy,  jr.; 1152  1-21 

size  for  growing  seed,  ]3roduction,  etc 1152  3-6 

Bellflowers,  Japanese,  description,  cultivation,  and  chaiactefristics.  1171    46-47,79 
Bellyache,  sheep.    See  Colic. 

Big  neck,  sheep,  cause  and  treatment 1155  20-21 

Bighead,  sheep,  cause,  symptoms,  treatment,  and  prevention 1155  21-24 

Bins,  air-tight,  for  grain,  need  in  South 1156  18-19 

Birch- 
bronze  borer^  description,  habits,  and  control 1169  59-61 

insects  injurious 1169  95 

Bitter  rot,  apple,  cause^  description  and  control 1160  11-12 

Bitter-pit,  apple,  description,  cause,  and  control 1160  7-8 

Black  quarter.    See  Blackleg. 

Black  rot,  apple,  description,  cause,  and  control 1160  13-14 

Blackeyed-susan,  description,  cultivation,  and  characteristics 1171    44-45, 82 

Blackleg,  sheep — 

cause,  symptoms  and  diagnosis 1155  4-5 

preventive  measures ; 1155  5 

Blanket  flower,  description,  cultivation,  and  characteristics 1171  45, 81 

Blight,  sorghum.    See  Red-spot,  sorghum. 

Blinds,  sheep,  cause  and  treatment 1155  24-25 

Bloating,  sheep,  causes,  symptoms,  and  treatment 1155  28-29 

Blotch,  apple,  description  and  development  in  storage 1160  4 

Blue  bag,  ewes,  cause,  symptoms  and  treatment 1155  35-36 

Blue  mold,  apple,  description,  cause,  and  control 1160  15-16 

Bluebottle,  description,  cultivation,  and  characterisitics 1171    32-33, 80 

Borer — 
aspen — 

how  to  control  it,  bulletin  by  George  Hofer 1154  1-11 

description,  habits,  and  control 1169  58-59 

I 
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aspen — (  ontinued.  No.  paf<». 

difltribution,  desrription,  control,  etc 1154  7-11 

injuries  to  treep,  character  and  extent 1154  4-^ 

paraeitee,  and  associated  insects  and  dieeaees 1154  8-10 

bronze  birch — 

description,  habits,  and  control 1169  5M1 

injury  to  poplar  trees 1154  9 

chestnut  and  oak,  description  and  control 1169  61-6S 

Cottonwood,  description,  habits,  and  control 1169  66-68 

elm,  description,  habits,  and  control 1169  56-56 

linden,  description,  habits  and  control 1169  57 

locust,  description,  habits,  and  control 1169  6^-65 

mottled,  viilow  and  poplar,  description  and  control 1169  65-66 

parandra,  description,  habits,  and  control 1169  61 

roundheaded,  enemy  of  aspen,  occurrence 1154  10 

sugar-maple,  description,  habits,  and  control 1 169  53-55 

Borers,  injur}^  to  poplars,  aspens,  and  cottonwoods 11 54  3-6, 9-10 

Bo^<i>,  sp.,  cause  of  gray  mold  of  apples 1160  IS 

Boxelder — 

aphis,  description,  habits,  and  control 1169  85 

insects  injurious 1169  95 

plant- bug,  description,  habits,  and  control 1169  75-76 

Breeding,  animal — 

essentials,  bulletin  by  Georj^  M.  Rommel 1167  1-S8 

gestation,  fecundity,  prepotency,  etc 1167  4-lfi 

principles  and  technical  details 1167  4-16 

selection,  inbreeding,  outcrossing,  etc 1167  17-30 

Brine — 

formula  for  mutton  curing 1172  17 

•freezing  point  at  different  concentrations 1159  20 

Brininj?,  cucumber,  directions,  equipment  and  supplies 1159  6-9, 13-15 

British  Columbia,  fur-bearing  animals,  laws,  1920 1165  25-26 

Broadc  asting,  sorghum  seed,  methods  and  results 1158  10, 13, 15 

Brome-gra^,  hay  crop  for  Western  South  Dakota 11 63  10, 14 

Bronchitis,  sheep,  cause,  symptoms  and  treatment 1155  25 

Bronchopneumonia,  cheesy,  of  sheep,  cause  and  treatment 1155  14 

*  *  Brood  trees, ' '  destruction  for  borer  control .• 1154  11 

Brooks,  Charles,  J.  S.  Cooley,  and  D.  F.  Fisher,  bulletin  on 

"Diseases  of  apples  in  storage " 1160  1-24 

Broom-corn  millet.    See  Proso. 

Broth,  mutton,  recipe 1172  20 

Bro\m-spot,  apple,  description,  cause  and  control 1160  17 

Brushcp,  paint  or  whitewash,  use  in  insect  control 1169  16 

Building?,  community — 

plans  for  rural  center,  bulletin  by  W.  C.  Nafion  and  C.  J.  Gal  pin. .  1173  1-3S 

tyy>es  in  different  states 1173  7-3S 

UHop,  architecture,  and  costs 1173  4-^ 

Buttcriliep,  ha<'kberry,  description,  habits,  and  control 1169  49-50 

Butternut,  insects  injurious 1169  95 

Gabbat!:e,  fermentation  for  sauerkraut 1159  15-16 

Caked  udder,  ewes,  cause,  symptoms  and  treatment 1158  35-3S 

Calculi,  urinary,  cause,  symptoms,  and  treatment 1155  22 

Calendula,  description,  cultivation,  and  characteristics 1171  57, 79 

Calilornia — 

fur-hearing  animals,  laws,  1920 1165  4-5, 25-30 

poppy,  description,  cultivation,  and  characteristics 1171  49-50, 82 

p<»rL'lj\:m,  growing  for  forage  under  irrigation 1158  S 

Calliopi^Ls,  depcriplion,  cultivation,  and  characteristics 1171  40, 79 

Calven,  feedinir,  rowpeas  valve 1 153  W 

Canada,  fur-1'oaring  animals,  laws,  1920 1165  4-5, 25-3«^ 

Candytuft,  desrription,  cultivation,  and  characteristics 1171  58,7^ 

Cane,  Japanese,  immunity  to  red-spot  of  sorghum,  note 1158  2i» 

*'Cane,"  term  for  sweet  sorghum,  note 1158  " 

Canker,  foot  of  sheep.     See  Foot  rot. 
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fall^  description,  habits,  and  control 1169  3(>-37 

spring,  description,  habits,  and  control 1169  36-37 

Cannula,  use  for  bloating  of  sheep ^ .  1155  ^8 

Canvas.     See  Duck,  cotton. 

Cape  marigold,  description,  cultivation,  and  characteristics 1171  58 

Carbolineum,  use  in  treatment  of  borer  injury  to  trees 1154  11 

Carbon  disolphid — 

fumigation  of  grain  for  moth  control 1156  17, 19 

nature,  and  use  against  borers  and  ants 1169  14 

Carnation,  pifik,  description  and  cultivation 1 171  61 

Carpenter  worm,  description,  hal^its  and  control 1169  69-  70 

Carpet-of-snow,  alyssu  r^.  description,  cultivation,  and  characteristics  1171  72-74, 79 
Carrier,  Lyman.*  and  C.  V.  Piper,  bulletin  on  ''Meadows  for  the 

Northern  States" 1 170  1-13 

Castor-bean,  description,  characteristics,  and  use  as  ornamental. ...  1171  22-^23, 79 
Catalpa— 

int»ecte  in'urious 1169  95 

sphinx,  description,  habits,  and  control 1169  33-34 

Catarrh,  na^al,  sh*^ep,  caiL«^,  svmptoms,  and  treatment 1155  25 

Catarrhal  fever,  sheep.    See  Hemorrhagic  septic  en:  ia. 

{'It;    O^ 
4AI49 

Cattle,  pasturing  on  cowpeas 1 153  18 

Celosia  plumosa,  description,  cultivation,  and  characteristics 1171  28-29, 80 

Centauria  spp.,  description,  culti^^ation,  and  characteristics 1 171  28, 71 

Crphalothrdum  roseum,  cause  of  pink-rot  of  apple 1160  16 

Cfratnmia  cataJpae,  description,  habits,  and  control ^.1169  33^-34 

Cereals,  iujurj'  by  Angouniois  grain  moth,  losses 1156  5, 7-15 

Cfuilepis  dorsalisy  description,  habits,  and  control 1169  43-44 

Charbon.    See  Anthrax. 
Chestnut — 

insects  iniurious 1169  95 

two-lined  borer,  description,  habits,  and  control 1 169  61-63 

Chinch  bug,  prevention  of  sorghum  injur\' 1158  30-31 

Chinch  bugs,  false,  control  on  seed  beeta.' 1152  17 

Chlorippe  spp.,  descriptions,  habits,  and  control 1 169  49-50 

Chlorosis,  sheep,  cause,  symptoms,  and  treatment 1155  19-20 

Choking,  sheep,  cause,  symptoms,  and  treatment 1155  27-28 

Chops,  mutton,  cooking,  recipes 1172  26-27 

Chrvsanthemum,  sununer,  description,  cultivation,  and  character- 
istics    1171  42  -43, 80 

Chrysomphalus  ohscunis,  description,  habits,  and  control 1169  79 

Chrysomphalus  tenebricoms,  description,  h  abits,  and  control 1 1 69  78-79 

Cirnbex  ammcana,  description,  habits,  and  control 1 169  51-52 

<^larkia.  description,  cultivation,  and  characteristics 1171  32, 80 

Cleome  spinosa,  description,  cultivation,  and  characteristics 1171  31, 83 

< 'limbing  sumac.    See  Poison  i\'y. 
Clover— 

bulletin  by  A.  J.  Pieters 1151  1-25 

cause  of  disease  in  live  stock 1151  23 

history  and  botanical  characters,  and  adaptation 1151  3-5, 18-19 

mixtures,  and  companion  crops 1151  6-1 8 

pasture  value 1151  16-18 

second  crop,  securing 1151  21 

seed  production,  areas,  yields,  and  harvesting 1151  23-25 

seeding  methods  and  rate,  alone  and  in  mixtures 1151<  jg  15  ig 

soil  and  moisture  requirements 1151  5 

use  as  hay,  composition  and  value 1151  9-11,17 

volunteer  crop,  habits 1 151  21-22 

fertilizing  constituents,  comparison  with  otb  er  legumes 1 153  22 

hay,  composition  and  comparison  of  red  clover  and  alsike 1151  9 

red,  mixture  with  alsike  and  timothy,  seeding  rates,  etc 1151  11-13 

seed,  dodder-infested,  examination,  and  cleaning 1161  9, 12-13 
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treatment  for  eradication  of  dodder 1161  M 

use  ^dth  timothy  for  hay 1170      3,5,i! 

Clovers,  bay  plante,  characteristics 1170  12-13 

C?ockBcomb-— 

description,  cultivation,  and  characteristics 1171  4JW4.80 

feather,  description,  cultivation,  and  characteristics 1171  28-29,80 

Cold  storage,  apples,  value  in  disease  control,  notes 1100  2-24 

Coldframes,  construction,  and  care 1171  18-19 

Colic,  sheep — 

causes  and  symptoms 1155  29-30 

treatment 1155  M 

Colorado — 

alsike  clover  growing 1151  10,21,22 

aspen  stands,  condition  and  insect  injury 1154  H 

fur-bearing  animals,  laws,  1920 1165  8 

sorghums  growing  for  grain  and  forage 1158  5 

sugar-beet  seed  growing 1152  3-21 

Community  buildings,  rural,  plans  for,  bulletin  by  W.  C.  Nason 

and  C.  J.Galpin 1173  1-3S 

Coneflower,  description,  cultivation,  and  characteristics 1 171  44-45, S 

Conifers,  injury  by  bagworms 1169  32 

Conjuncti\'iti8,  sheep,  cause  and  treatment 1155  24-25 

Connecticut — 

Bolton  community  house,  description  and  plans ,  1173  13 

fur-bearing  animals,  laws,  1920 1165  5 

Gilead  conmiunity  nouse,  description  and  plans 1173  10, 11 

wheat  varieties  grown 1168  1^ 

Constipation,  sheep,  cause,  8>Tnptoms  and  treatment 1155  30 

Consumption.    See  Tuberculosis. 

Contract,  farm  lease,  bulletin  by  L.  C.  Gray  and  Howard  A.  Turner  1164  1-36 

Contracts,  lease,  kinds,  and  fundamental  principles 1164|  "^^ 

Cooking,  mutton  and  lamb,  recipes 1172  20-3:2 

CooLEY,  J.  S.,  Charles  Brooks,  and  D.  F.  Fisher,  bulletin  on 

"Diseases  of  apples  in  storage " 116t)  1-2-1 

Cooperation,  farmers,  in  insect  control 1156  2,20 

CoRBETT,  L.  C,  and  F.  L.  Mulford,  bulletin  on*'Growii^  annual 

flowerinj?  plants " 1171  1-^ 

Coreopsis  spp. ,  description,  cultivation,  and  characteristics 1171  40,*^ 

Cork-Hpot,  apple,  description,  and  cause 1160  8-S 

Corn — 

breeding,  advantages  to  farmer 1175  !> 

drought  resistance,  comparison  with  sorghums 1158  ^ 

growing  and  yield,  western  South  Dakota 1163|  ^_|2  ]i 

i  5  7' S, 

infestation  by  Angoumois  grain  moth,  and  losses 1156J  j^-lS 

pickling,  directions 1159  T 

seed — 

demand  and  supply,  discussion 1175  2 

germination  testing 1175  IW^ 

improvement,  bulletin  by  C.  P.  Hartley 1175  H^ 

shelling,  directions 1175  13-1^ 

treatment  after  gathering,  drying,  and  storing 1175  Nl 

selection  for  seed,  directions 1175  "^ 

yield  after  cowpeas • 1153  ^ 

Cornflower,  description,  cultivation,  and  characteristics 1171  32-33,^ 

Corythuca  ciliafa,  description,  habits,  and  control 1169  74-^ 

(^osmos,  description,  characteristics,  cultivation,  and  use 1171  23-2i J* 

Cotton — 

batting,  use  as  tree  bands 1169  1' 

duck.    See  Duck,  cotton. 

Cottony  maple  scale,  description,  and  control  on  shade  trees 1169  ^ 
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borer,  description,  habits,  and  control 1169  66-68 

da^^r  moth ,  description,  habits,  and  control 1169  47-48 

insects  injurious 1169  95 

leaf  beetles,  description,  and  control 1169  50-51 

Cottonwoods,  injury  by  borers 1154  5-6 

Cow,  gestation  period 1167  9 

Cowpea,  uses  for  jfood,  feed,  and  hay 1153  3 

Cowieas — 

feeding  value,  digestible  nutrients,  comparisons 1153  10 

food  use  and  value 1153  10-11 

hand  picking  on  small  areas 1153  5 

hay,  clitting,  ciiring,  feed  value  and  yields 1153  12-17 

pasture  use  and  value 1153  17-19 

seed  harvesting,  thrashing,  storing,  etc 1153  3-11 

silage  value 1153  19-20 

soil  improvement  value,  comparisons  with  other  legumes 1153  20-23 

straw,  feeding  value 1153  11-12 

utilization,  bulletin  by  W.  J.  Morse 1153  1-23 

varieties,  germination  and  weight  of  seeds. 1153  9 

yields  of  seed  and  hay,  of  varieties,  by  States 1153  11, 17 

Cows,  dairy — 

feeding  on  cowpea  seed,  hay,  and  silage 1153|  19^ 

pasturing  on  cowpeas 1153  19 

Creeper,  poison.    See  Poison  ivy. 
Creosote  oil — 

use  in  borer  control 1154  11 

uee  in  destruction  of  tussock  moth  epgs 1169  12,43 

Crops,  dodder-infested,  mowing,  grazing,  burning  and  plowing  under.  1161  16-19 

Crypiohynchvs  la'pathi,  description,  habits,  and  control 1169  65-66 

Cucumber,  pickling  industry 1159  3 

Cucumbers — 

brining  and  pickling  equipment  and  supplies 1159  6-9 

fermentation 1159  5-6 

growing  for  pickles 1159  4 

pickling  in  barrels 1159  10,13,14 

Cud,  droppmg  in  sheep,  cause,  and  treatment 1155  27 

Cultivators,  sled,  knife,  and  disk.  u?e  in  sorghum  growing; 1158  16 

Curing,  mutton  on  the  farm,  directions,  and  brino  formula 1172  16-19 

Cuscuta  spp.,  description,  hosts,  and  economic  importance 1161  5-7 

Cyllene  roHniae,  description,  habits,  and  control 1159  63-65 

Cypress,  summer,  description,  cultivation,  and  characteristics 1171  31-32, 80 

DagG^er  moth,  cottonwood,  description,  habits,  and  control 1169  47-48 

Dahlia,  growing  from  seed,  cultivation,  and  characteristics 1171  29-30, 80 

Dandruff,  sheep,  cause  and  treatment 1155  38 

Daniels,    A.    M.,    bulletin    on    "One-register   furnaces   (pipeless 

furnaces)'' 1174  1-12 

Datana  integernma,  description,  habits,  and  control 1169  46-47 

Dearborn*  Ned,  George  A.  Lawyer  and  Frank  L.  Earnshaw, 

bulletin  on  "Laws  relating  to  fur-bearing  animals,  1920" 1165  1-32 

Defoliators,  tree  pests,  habits  and  description 1169  31  i,2 

Delaware — 

Experiment  Station,  cowpeas,  uses  and  testing 1153  10, 20 

fur-bearing  animals,  laws,  1920 1165  9 

Delphinium  spp.,  description,  cultivation,  and  characteristics 1171  33-35 

Devil's-guts.    See  Dodder. 

Devil 's-nair.    See  Dodder. 

Devil's  ringlet.    See  Dodder. 

Dianfhus  spp.,  description,  cultivation,  and  characteristics 1171  60-64, 82 

Diarrhea — 

infectious,  occxurence  in  lambs,  cause  and  treatment 1155  13 

sheep,  cause  and  treatment 1155  30 

ZKccrca  iwoion(7a/a,  injury  to  aspen  trees 1154  10 

Dill  pickles,  description  and  use 1159  8, 13-15 
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Dimorphotheca,  description,  cultivation,  and  characteristic i. 1171  M 

Diseasea — 

infectious,  of  sheep,  description,  causes,  and  treatment 1155  3-17 

sheep,   desrription,   causes,  and   control,  bulletin  by  Bernard 

A.  Gall;u?her 1155  1-39 

Disinfection,  sheep  diseases 1155  4. 7, 2a,^ 

Dodder- 
bulletin  by  Albert  A.  IIan<jen 1161  1-21 

cmtrol  and  eradication  methoda 1161  13-19 

description,  species,  and  life  histor}'^ 1161  4-10 

injurious  character *. 1161  3 

names,  common 1 161  3 

occurrence  on  plant**  other  than  clover  and  alfalfa 1161  ^^20 

occurrence  on  'ft'ild  plants,  danger  to  cultivated  plants 1 161  2(^21 

f  4  6  9 

seed,  production,  description,  and  characteristics 1161<  j^'^; 

spread,  methoi^,  and  prevention 1161  10-12 

Dropsv,  abdominal,  of  t<heep.  cause  and  treatment 1155  19 

Drought,  rc.-iistanf'o  of  so'-urhum,  value 1158  4-5 

Drouixht-.spi)t,  apple,  do^rription  and  cause,  and  common  names 1160  8-9 

Dry  farm  in  7— 

cultural  m(»tb()  l.s.  wost^rn  South  Dakota 1163  11-14 

We.stom  South  Dakota,  bulletin  by  O.  R.  Mathews 1163  M^ 

Dry-land  crop^,  western  South  Dakota^  culture  and  yields 1163  6-lt> 

Duck,  <'ot  ton- 
care  to  prevent  mildew 1157  7-9 

cla.sae^,  and  farm  uses 1157  3-7 

clause ^.  grades,  and  differentiation 1157  3->i 

selection  for  farm  uses 1157  ^7 

waterproolinj?  and  mildewproofmg  bulletin  by  IT.  P.  Holman, 

B.  S.  1  evine,  and  T.  D.  Jarrell 1157  1-13 

Dwelling,  boating  with  pipeless  furnace,  plans,  management,  otc...  1174  3-7 

Dye,  mineral.  t'\^tincr  in  Khaki  colored  duck 1157  7 

Dysentery,  sheep.     Sa'  Diarrhea. 

Dystocia,  ewes,  treatment 1155  33-34 

Eauxshaw,  Fraxk  L.,  George  A.  Lawyer,  and  Ned  Dearborn, 

bulletin  on  ''  laws  relating  to  fur-bearing  animals,  1920'* 1165  1-32 

Eclampua,  cause,  symptoms,  and  treatment 1155  35 

Eczema,  sheep,  cause,  symptoms,  and  treatment 1155  36-37 

Edema   - 

malignant,  in  sheep,  preventive  measures 1155  ^ 

malignant,  sheep,  cause,  symptoms,  and  diagnosis 1155  5-^ 

EldphHion  villosivn,  description,  habits,  and  control 1169  7(h71 

Elm- 

bark,  woolly  aphis,  habits,  and  control 1169  ^ 

borer,  description,  habits,  and  control 1169  55-56 

cat<»rpillar,  "^pinv,  description,  habits,  and  control 1169  48-49 

insects,  injurious 1169  95-96 

large  aawfly,  description  and  control 1169  51-52 

leaf-beetle^  description,  e\ddence3,  habits,  and  control 1169  3S-39 

scale,  European,  description  and  control  on  shade  trees 1169  82-83 

spiny  caterpillar,  description,  habits,  and  control 1169  4^-49 

Emph vsematous  anthrax.     See  Blackleg. 

Entomologist,  citv  or  community 1169  ^ 

Entomolo-^'Lsti?,  State  and  Federal,  aid  in  insect  control 1169  '"* 

Eriosonifi  rilt'f/i,  description,  habits,  and  control 1169  ^ 

Euphorbia  hfUrophifUa,  description,    cultivation,    and    characteris- 
tics  :.;... 1171  3^36,^ 

Eu vanesia  antiopn,  description,  habits,  and  control 1169  48-49 

Ewe,  gestation  period 1167  ? 

Ewes — 

diseases  of  the  reproductive  system,  cause  and  treatment 1155  32-36 

treatment  for  difficult  lambing 1155  33-^ 

troubles  in  lambing,  treatment 1156  33 

Experiment  station,  Arlington  Farm,  alsike  clover  growing 1151  15, 19 
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Experiment  stations,  work  with  cowpeas  as  feed  and  green  manure.  1153J  on  22-23 

Eyes,  sore,  sheep,  cause,  symptoms,  and  treatment 1155  24-25 

Fagopyrism,  sheep,  cause  and  treatment 1155  37 

Farewell-to-spring,  description,  cultivation,  and  characteristics 1171  52,81 

Farm — 

fertility,  safeguarding  in  lease  contracts 1164  19-20 

r  9  18 

improvements,  pro\'i8ion8  regarding  landlord  and  tenant 1164<  20-28 

lease  contract,  bulletin  by  L.  C.  Gray  and  Howard  A.  Turner. .  1164  1-36 

{z»    po 
30-S3 

Farming,  methods,  specifications  in  leases 1164  10, 19-20 

Farms,  operation  by  tenants,  percentage 1164  3 

Fecundity,  livestock,  discussion  and  importance  in  breeding  animals.  1167  10-11 
Feed— 

cowpeas,  value  for  pi^s,  hogs,  cow?.,  and  poultr>' 1153  10 

proso,  use  and  value  for  live  stock 1162  14 

Feeding — 

{21  22-25 
'    26-2*7 

live  stock,  experiments  with  cowpea  seed  and  hay 1153  10, 15-17 

Feedstuffs,  nutrients,  comparison  with  cowpeas 1153  10 

Fermentation,  cucumbers  and  other  vegetables 1159  5-6, 13-17 

Fermented  pickles,  bulletin  by  Edwin  Le  Fevre 1159  1-23 

Fertility,  iaxm,  safeguarding  in  lease  contracts 1164  19-20 

Fertilizer  constituents,  alsike  and  red  clovidr,  comparison 1151  20 

Fertilizers — 

use  for  hay  crops 1170  10-11 

use  for  sorghum 1158  6 

Fire-plant,  Mexican,  description,  cultivation,  and  characteristics 1171  35-36, 82 

Fisher,  D.  F.,  Charles  Brooks,  and  J.  S.  Cooley,  bulletin  on 

**  Diseases  of  apples  in  storage  '^ 1160  1-24 

Flame  plant,  description,  cultivation,  and  characteristics 1171  31-32,  80 

Flax,  injury  by  decider 1161  20 

Florida — 

fur-bearing  animals,  laws,  1920 1165  9 

wheat  varieties  grown 1168  9 

Flossflower,  description,  cultivation,  and  characteristics 1171  67-68,  79 

Flower  garden,  general  arrangement  and  care 1171  5-7 

Flowering  plants,  annual,  growing,  bulletin  by  L.  0.  Corbett  and 

F.  L.  Mulford 1171  1-^3 

Flowers — 

annual,  list  with  characterics 1171  79-83 

annual  plants,  grouping,  uses,  selection,  etc 1171  3-7 

annual  plants,  growing,  bulletin  by  L.  C.  Corbett  and  F.  L. 

Mulford 1171  1-83 

annuals  for  special  soils  and  conditions 1171  76-78 

annuals,  seeaing  and  care  of  seedlings 1171  11-14 

Fly  weevil.    See  Moth,  Angoumois  grain. 

Fodder,  sorghum,  ciuingj  use  and  value 1158  21 

JFo7nesignian\i8y  destruction  of  trees  attacked  by  aspen  borer 1154  6, 10 

Food ,  value  of  proso 1162  13-14 

Foot  rot — 

contagious.    See  lip-and-leg  ulceration. 

noncontagious  of  sheep,  treatment 1155  12 

Foot-and-mouth  disease,  sneep— 

cause  and  symptoms 1155  16-17 

diagnosis  and  treatment 1155  16-17 

Forage — 

sorghum,  chemical  composition  and  digestibility 1158  27 

Borghums,  growing  and  utilization,  bulletin  by  H.  N.  Vinall 

andR.E.Getty 1158  ^       1-32 
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Forget-me-not,  description,  cultivation,  and  characteristicB 1171  75^80 

FoulB,  sheep.  .Se^  Foot  rot. 

Four-o'clock,  descriptian,  cultivation,  and  characteiisticfl 1171  50-52,80 

Frost,  injury  to  apples,  description  and  results 1160  19 

Fruit  spot,  apple,  nondevelopment  in  storage 1160  § 

Fruits,  piddling  directions 1159  17 

Fumigation,  Angoumois  grain  moth,  directions 1156  17-19 

Fungus,  wood -rotting,  destruction  of  trees  attacked  by  aspen  borers . .  1154  6, 10 
Fur-bearing  animals — 
laws  relating  to — 

1920,  bulletin  by  George  A.  Lawyer,  Frank  L.  Eamahaw, 

and  Ned  Dearborn 1165  1^^ 

officials  from  whom  obtained 1165  31 

publications  of  Department,  list 1165  32 

Fiurnace,  pipeless — 

advantages,  moderate  cost,  etc 1174  U-l! 

construction,  advantages,  and  use 1174  S-12 

heating  detached  rooms,  management 1174  10-11 

limitaUons 1174  HO 

Gaillardia,  de8?ription,  cultivation  and  characteristics 1171  41, 81 

Galerucella  luteolay  description,  habits,  and  control 1169  384S 

Gallagher,  Bernard  A.,  bulletin  on  *' Diseases  of  sheep" 1155  1-39 

Galls,  insect,  habits  and  control  of  insects 1169  88-94 

Galpin,  C.  J.,  and  W/C.  Nason,  bulletin  on  "Plans**  for  rural  com- 
munity buildings 1173  I-SS 

Game,  laws  relating  to  fur-bearing  animals,  1920,  bulletin  by  George 

A.  Lawyer,  Frank  L.  Eamshaw,  and  Ned  Dearborn 1165  1-36 

Gangrene,  gas,  in  sheep,  cause,  symptoms,  and  prevention 1155  6-7 

Gardens,  flower,  general  arrangement  and  care 1171  5-6 

Garget,  ewes,  cause  and  treatment 1155  35-32 

Gas  gangrene.    See  Edema,  maUgnant. 

Gastroenteritis,  sheep,  cause,  s>'mptom8,  and  treatment 1155  29 

Georgian- 
Experiment  Station,  cowpeas  as  green-manure  crop 1153  23 

fur-bearing  animals,  laws 1165  10 

wheat  varieties  grown : 1168  & 

Germination,  seed  corn,  testing  directions 1175  11-13 

Gestation,  periods  for  various  animals 1167  ^ 

Getty,  R.  E.,  and  H.  N.  V'inall,  bulletin  on  "Growing  and  utiliz- 
ing sorghums  for  forage" 1158  1-S2 

Girdlers,  twig,  description,  habits,  and  control 1169  71-72 

Gloomy  scale,  desc  ription  and  control  on  shade  trees 1169  78-71' 

■  Goat,  gestation  period 1167  ^ 

Godetia,  dea  ription,  cultivation,  and  diaracteristics 1171  52, 81 

Goiter,  sheep,  cause  and  treatment 1155  ^21 

Golden  glow,  description,  cultivation  and  characteristics 1171  45,  S^ 

Goldthrt»ad.     iSVc  Dodder. 

Gomphrena,  description,  cultivation,  and  characteristics 1171  52, 79 

Gossip paria  sptiria,  description,  habits,  and  control 1169  41-43 

Grading,  seed  com,  management 1175  13 

Grain — • 

drying  to  reduce  moth  infestation 1156  1' 

feed,  sorghum  seed,  use  and  value,  comparison  with  com 1158  26-2T 

fields,  seeding  to  hay 1170  9-K' 

fumigation  for  Angoumois  moth  control 1156  17-19 

moth,  Angoumois,  bulletin  by  E.  A.  Back 1156  1-^ 

moth,  Angoumois.    See  also  Moth,  Angoumois  grain. 

stored,  injury  by  Angoumois  grain  moth,  and  prevention 1156|  ^^§ 

Grains — 

growing    in     South    Dakota,     yields,     1909-1919,     cultural  1  nfiJ  ^ 

methods,  etc ,..:...T^. f  ^^^\  U-14 

injury  by  Angoumois  grain  moth 1156  5,7-1^ 

planting  for  hay,  and  combinations  with  other  plants 1170  7-^ 


Digiti 


zed  by  Google 


nmsx. 


11 


Farmers' 

Grant,  C.  V.,  and  A.  A.  Hansen,  bulletin  on  "  Poison  ivy  and  poison  No. 

sumac  and  their  eradication'' 1166 

Qrass — 

mixture  for  southern  border  of  timothy   belt 1170 

mixture  for  well  drained  soils 1170 

mixture  for  wet  lands 1170 

staggers,  sheep,  cause,  symptoms,  and  treatment. 1155 

Grasses — 

mixtuie  with  alsike  clover  for  hay,  seeding  rate,  etc 1151 

seeding,  time,  method,  and  rate 1170 

Grasshoppers,  prevention  of  sorghum  damage 1158 

Gravel,  sneep,  cause,  symptoms  and  treatment 1155 

Gravy,  mutton,  recipes 1172 

Gray,  L.  ('.,  and  Howard  A.  Turner,  buUetin  on  **The  farm  lease 

contract" 1164 

Greasy  heel,  sheep,  cause  and  treatment .• 1155 

Green  maniu-e,  cowpeas  xsAue 1153 

Grubbing,  p|oison  plants^  directions 1166 

Gum  trees,  insects  injurious 1169 

Gypsophila  spp.,  description,  cultivation,  and  characteristics 1171 

Hackberry — 

butterfiiea,  description,  habits,  and  control 1169 

gall  insects,  habits  and  control 1169 

insects  injurious 1169 

Hail  weed.    See  Dodder. 

Hairweed.    See  Dodder. . 

Hansen,  A.  A.,  and  0.  V.  Grant,  bulletin  on  "Poison  ivy  and 

poison  sumac  and  their  eradication" 1166 

Hansen,  Albert  A.,  bulletin  on  "Dodder" 1161 

Hartley,  C.  P.,  bulletin  on  "Better  seed  com" 1175 

Harvester,  bean,  description ; 1153 

Harvesting — 

alsike  clover  seed 1151 

cowpea  hay 1153 

cowpeas  for  seed,  time  and  methods 1153 

proso,  method 1162 

sorghum,  time  and  methods 1158 

stecklings,  details 1 152 

sugar-beet  seed 1152 

wheat,  delay  cause  of  moth  infestation 1156 

Hawaii,  fur-bearing  animals,  laws,  1920 1165 

Hay — 

alsike-clover,  composition,  comparison  with  red  clover 1151 

cowpea,  cutting,  curing,  feed  value  and  >delds. . . .*. 1153 

cowpea,  yields  of  varieties,  by  States 1153 

crops — 

fertilizers  and  lime 1170 

western  South  Dakota,  soil  requirement,  value,  etc 1163 

dodder-infested,  spread  of  dodder  by  seed  and  stemfl 1 161 

growing  on  poor  lands 1170 

plants,  Eastern  United  States,  list  and  characteristics 1170 

red-clover,  composition,  comparison  ^\ith  alsike  clover 1151 

sorghum,  use  and  value 1158 

tame,  acreage  and  yield  in  Eastern  United  States 1170 

Head  smut,  sorghum,  control 1158 

Heating  plant,  pipeless  furnace  for  dwellings,  bulletin  by  A.  M. 

Daniels 1174 

Helichrysumy  description,  cultivation,  and  characteristics 1171 

Heliopsis,  description,  cultivation,  and  characteristics 1171^ 

Hellbmd.    See  Dodder. 

Hematuria,  sheep,  cause  and  treatment 1155 

Hemerocampa  leucostigma,  description,  habits,  and  control 1169 

Heniorrhagic  septicemia — 

flheep,  cause,  and  symptoms 1155 

aheep,  diagnosis  and  preventive  measures 1155 


Page. 
1-16 

6 

4-5 

5-6 

28 

13-15 

8-10 

30 

32 

23 

1-36 
26 

20-23 
14 
96 

38-40 


49-60 

91-92 

96 


1-16 

1-21 

1-14 

6 

24-25 

12-15 

3-7 

13 

16-20 

7-9 

18 

14-15 

10 

9 

12-17 

17 

10-12 

9-11, 14 

10-11 

6-7 

12-13 

9 

20-21 

3 

30 

1-12 

36-37, 83 

31-81 

31-32 
41-43 

6-7 
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Heredity,  animals,  basic  facta 1167| 

Hickory — 

barkbeetle,  description,  habits,  and  control 1169  72-74 

pill  insects,  description,  habits,  and  control 1169  90-91 

insects  injurious 1169  96 

HoPER,  George,  bulletin  on  "The  aspen  borer  and  how  to  control 

it" 1154  1-11 

Hog  millet  or  proso,  bulletin  by  John  H.  Martin 1162  1-15 

See  also  Proso. 
Hogs- 
feeding,  cowpcas  value 1153  10, 18, 19 

pasturing  on  cowpeas 1153  18 

HoLMAN,  H.  P.,  B.  S.  Levine,  and  T.  D.  Jarrell,  bulletin  on 

*'  Waterproofing  and  mildewproofing  cotton  duck  " 1157  1-13 

Honey  locust,  insects  injurious 1 169  97 

Honeydew,  origin  and  effects 1169  76,83 

Horse  chestnut,  insects  injurious 1169  97 

Horses,  feeding  on  cowpea  hay,  experiments 1153  16 

Hose,  spray,  description  and  use 1169  26 

Hotbeds,  construction,  directions,  and  care 1171  15-lS 

Hoven,  sheep,  cause  and  treatment 1155  28-29 

H vdremia,  sheep,  cause,  symptoms  and  treatment 1 155  19-20 

Hydrophobia,  sheep,  cause,  symptoms,  and  treatment 1155  15-16 

Ilyphantria  cnnea,  description,  habits  and  control 1169  40-41 

Icterohematuria,  sheep,  occurrence  and  treatment 1155  IS 

Icterus,  sheep,  cause,  symj>toms  and  treatment 1155  IS 

Idaho — 

f  14  22 

al.^ike  clover  growing  and  seed  production 1151<  03  o^J^i 

fur-bearing  animals,  laws,  1920 1165  10 

sugar-beet  seed  growing 1152  3-21 

Illinois — 

alsike  clover  growing 1151  12, 13 

Brill fiold  community  house,  description  and  plans 1173  18-19 

fur-bearing  animals,  laws,  1920 1165  11 

Kenilworth  community  building  description  and  plans 1173  1" 

McLean  community  house,  description  and  plans 1173  19-20 

wheat  varieties  grown 1168  11 

Winnetka  community  house,  description  and  plan 1173  32-33 

Impaction,  rumen  of  sheep,  cause,  symptoms,  and  treatment 1155  2S 

Impatiens  balsaminn,  description,  cultivation,  and  characteristics...  1171  48-49,79 

Implements,  insect-killing *... 1169  16-1" 

f  9  IS 

Improvements,  farm,  provisions,  regarding  landlord  and  tenant. 1164<  20-23 

Inbreeding,  animal,  objects  and  results,  precautions 1167  20-24 

Indiana — 

alsike  clover  growing 1151  12, 23 

fur-bearing  animals  laws,  1920 1165  IJ 

Seymour,  fanners'  clubhouse,  description  and  plan 1173  36 

wheat  varieties  grown 1168  12, 15 

Indig(^stion,  sheep,  cause,  symptoms,  and  treatment 1155  2S 

I  nsects— 

association  with  aspen  borer 1154  9-10 

f  52-74. 

boring,  bark,  wood,  and  twigs,  description  and  control 1169J  ^g_^ 

control  by  natural  enemies,  parasites  and  other 1169  ^ 

control,  community  action  needed 1156  2, 20 

pall-making,  habits  and  control,  and  description  of  species 1169-  88-94 

injuries,  primary  and  secondary 1169  ^ 

injurious  to  deciduous  shade  trees  and  their  control,  bulletin  by 

Jacob  Kotinsky 1169  1-1^ 

injurious,  to  sorghum,  description  and  control 1158  30-32 
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leaf-chewing,  tree  peseta,  habits  and  description 1169<  95- 106 

life  history,  forms  and  habits 1169  5 

{74— RR 
95-100 
shade- tree — 

control,  principle-? 1 169  10-14 

list  under  names  of  tree^ 1169  95-100 

spe-  imen?,  packing  and  Fhipment,  directions 1169  9-10 

sucking,  control  by  contar  t  sprays 1169  11-14 

h)wa — 

fur-bearing  animals,  laws,  1920 1165  11 

Ix)gan,  Ftock  ^how  and  Forial  center  building,  description 1173  23-24 

h'tuart  Ftock  ^how  building,  description 1173  25 

Ilonididaej  gall  gnat^,  habits,  and  control 1 169  91 ,  93 

1  vy — 

poL?on — 

and  poivon  sumac,  and  their  eradication,  bulletin  by  C.  V. 

Grant,  and  A.  A.  Hansen 1166  1-16 

kno\\ing  from  Virgiiiia  creeper 1166  7-8 

See  aUo  Poi-on  ivy. 

jxiifoning  symptoms,  prevention,  and  remedie3 1166  11-13 

Jarrell,  T.  I).,  H.  P.  HoLM.vN,  and  B.  S.  Levine,  bulletin  on 

''Waterproofing  and  mildewimxifing  ciftton  duck " 1157  1-13 

Jaundic  e,  sheep,  caa-e,  ^ymptont^,  and  treatment 1155  18 

Jennet,  gertatioii  period 1167  9 

Joh'b-tears,  dej^ription,  cultivation,  and  charact^ri.-tics 1171  52, 81 

Joint  diea'.e,  eeptir,  occurrenc  e  in  lambs,  cau^e  and  treatment 1155  13-14 

Jc*int,  ill,  laml>e,  cau:  e,  s\Tnpt<:>ms,  and  prevention 1155  13-14 

Jonathan  spot,  apple,  de:cription,  cause,  and  control 1 100  6 

Joseph V-coat,  descripti(m,  cultivation,  and  characteri.tics 1 171  30, 81 

Kafir,  yields  and  feed  value 1158'j  no,  or  oj 

KaL=^erblume,  dc-cription,  cultivation,  and  tharacte rib ti^^s 1171    32-33, 80 

Kaasa'j — 

Argonia  community  biiilding,  de.-<Tiption  and  plan*? 1173  14, 15 

Ea^  tern,  wheat  va'-ictie   prown 1 108  9-11 

fur-animal^,  laws.  IhJO 1165  11-12 

MarvsWUe  g>'mua  ium  ana  social  center  bulletin,  description 

and  plans.' 1173  30-31 


sorghums  growing  for  Lorain  and  forage 1158 


3.5,10- 
I  11,14-15, 
I        23.26 


Kentucky — 

alike  clover  gn>wing 1151  13, 15, 21 

Experiment  Station,  ' on.'^hum  feeding  experiment- 1158  24-25 

f u r-i  earing  animal^,  law . ,  1920 1 165  12 

^"lieat  varieties  grov.n _ 1168  11 

Kcrmes — 

pnhe^cetijt.  description,  ha'  it-,  and  control 1169  79-80 

pubescent  oak,  dc-<ripti'»n.  ha'  it  ,  and  ^rmtrol 1169  79-^0 

Kernel  smut,  f  o'^hun,  dc-»'Tipti.>n  and  control 11.^8  29 

Ken^one  emul-ion,  formr.la  and  i^-c  ai'ain  t  rU^king  in  cts 1K>9  12-13 

Knap-a-k,  spray  pumps,  ib-^'  ri?»ti<»n 1169  20 

Kochiti  .^cojforia^  de  '-rioii  •li.  i  i.ltivation,  and  i  hara'  teri-ti^-- 1171  31-32, 80 

S^oTiN'SKY,  Jacob:  bi  Ib'tin  (-n  "  Jn  c  t :  injurious  V>  de"iduous^hade 

tree  -,  and  their  control'" 1169  1-100 

;^ac^e-bug.  sycamore,  df  '  ■rij)ti'rn.  hu'  it-",  an!  rontT'l 1169  74-75 

.ady't3-slipi>er,  de.f  rif»ti'»n,  ^-ultivatiMn,  and  <  t^ara-  icri  ti'-« 1171  48-49,79 

^nil> — 

rarra>s,  cutting  up,  dir^-  tion- 1172  15-16 

cooking  re-  ipf* 1 172  20-32 

f  la.ughtering  and  usf'  on  farm,  and  of  mutton,  bulletin  by  C  G. 

Pott^ 1172  1-32 

u«e  as  meat,  percentagf  of  t/jlal  meat  ron>umption 1172  3-4 
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Lambing,  difEcult,  treatment 1155        3^3^ 

liambe — 

chilled,  reviling 1155  36 


dieeaees,  causes  and  treatment 1155- 


f  12-14,20, 
{  21,25.26. 
I       27,36 


liver  disease  caused  by  Baoillue  necrophoruB 1155  12 

retention  of  meconium,  treatment 1155  30 

woollen,  cause  and  treatment 1155  20-21 

Landlords,  farm,  duties  and  privileges  imder  leases 1164|  Jjf^ 

Larkspur,  description,  cultivation,  and  characteristics 1171  33^35 

Larvse,  classifcation 1169  5 

Laws,  State,  relating  to  fur-bearing  animals 1165  4, 6-25 

Lawyer,  George  A.,  Frank  L.  Earnshaw  and  Ned  Dearborn, 

bulletin  on ''I^aws  relating  to  fur-bearing  animals'' 1165  1-32 

Le  Fev re,  Edwin,  bulletin  on  "Fermented  pickles" 1159  1-23 

Lead  oleate,  source,  use  in  waterproof  ng  duck,  and  cost 1157  11-13 

Leaf  beetles,  Cottonwood,  poplar,   and  willow,  description  and 

control 1169  50-51 

Leaf-beotle,  elm,  description,  evidence,  habits,  and  control 1169  38-3fi 

Leaf-miner,  locust,  description,  habits,  and  control 1169  43-44 

Lease  contract — 

farm,  bullotin  by  L.  C.Gray  and  Howard  A.  Turner 1164  1-36 

farm,  publications  relating  to,  list 1164  36 

f  2.4-6 

Lease  contracts,  kinds  and  fundamental  principles / 1164<  ^^ 

Leases — 

{6-S 
30-33 

long  and  short,  advantages 1164  12-l'i 

share,  special  problems,  discussion 1164"!  "^a^j 

Lecanium  nigrofasciatum,  description,  habits,  and  control 1169  Sl-^l 

Leg  weakness.     See  Rickets. 

Legumes,  fertilizing  consti tuents,  comparisons 1153  ^ 

Leighty,  Clyde  E.,  bulletin  on  '^Varietiesof  winter  wheat  adapted 

to  the  Eastern  United  States" 1168  1-1> 

Leopard  moth,  wood  borer,  description,  habits,  and  control 1169  68-^< 

Lepidosaphes  ulmi,  description,  haoits,  and  control 1169  p 

Leptocons  trivitlatus,  description,  habits,  and  control 1169  7a-7t' 

Levine,  B.  S.,  H.  p.  Holman,  and  T.  D.  Jarrell,  bulletin  on 

**  Waterproof  ng  and  mildew-proofing  cotton  duck' ' 1157  l-l^J 

Lime,  use  on  meadow  lands 1170  H-l- 

Lime-sulphur  spray,  directions  for  use  against  sucking  insects 1169  U-l^ 

Linden — 

borer,  description,  habits,  and  control 1169  5' 

insects  injurious 1169  57 

Lip-and-leg  ulceration,  sheep — 

cause  and  svmptoms 1155  8-1^ 

treatment.  .^ 1155  9-1^ 

Live  stock — 

breeding  and  raising,  publications,  list 1167  ^"^ 

breeding  essentials,  bulletin  by  George  M.  Rommel 1167  1-^^, 

breeding,  maternal  impressions,  discussion 1167  35-3fc 

dani?or  trom  alsike  clover 1151  ^ 

feeding — 

experiments  with  cowpea  seed  and  hay 1153    10, 15-1 

proso.  use  and  value 1162  }^^ 

leading  up,  experiments  and  examples 1167  '^~^' 

improvement  by  grading  up  and  crossbreeding 1167  ^^'J; 

inbreoding,  objects  and  results,  precautions , 1167  30--^ 

rente(l  farms,  usn  and  ownership,  provisions 1164  S?  ^ 

selection  for  breeding,  importance 1167  17-- 

Lobelia,  description,  cultivation,  and  characteristics 1171    SS-^  ^^ 
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Lockjaw.    SeeTet&nuB,  BSShtm 

I»ociiet —  No.  Page. 

borer,  descriDtion,  habits,  and  control 1169  63--o6 

insects  injurious 1169  97 

leaf  miner,  description,  habits,  and  control 1 169  43-44 

Loopers,  tree  defoliation 1 1169  36 

Louisiana — 

fur-bearing:  animals,  laws,  1920 1165  12 

wheat  vaneties  grown 1168  8 

Love  vine.    See  Dodder. 

Love-lies-b.leedinjr,  description,  cultivation,  and  characteristics 1171    30-31, 81 

Lumpy  jaw,  sheep,  cause  and  treatment : 1155  17 

Lunj?  fever.    See  Pneumonia. 

Lupines,  description,  cultivation,  and  characteristics 1171    45-46, 81 

Lymphadenitis,  caseous,  of  sheep,  cause,  diagnosis,  and  treatment  .  1155  14 

Macrosiphum  liriodtndri^  description,  habits,  and  control 1169  85 

Magnolia — 

insects  injurious 1169  97 

soft  scale,  description  and  control 1169  81 

Maine — 

fur-bearing  animals,  laws,  1920 1165  12-13 

wheat  acreage  and  production,  1914-1919,  and  varieties 1168  15, 16 

Malacosma  distria,  description,  h abits,  and  control 1 169  35-36 

Mammitis,  ewes,  cause,  s>;pfiptom8,  and  treatment 1155  35-36 

Manitoba,  fur-bearing  animals,  laws,  1920 1165  26 

Maple- 
insects  injurious 1169  98 

N orway ,  aphis,  description,  habits,  and  control 1169  84 

sugar — 

borer,  description,  habits,  and  control 1169  53-55 

injury  by  tent  caterpillar 1169  35 

twiff-pruiier,  description,  habits,  and  control 1169  70-71 

woolly  aphis,  description,  habits,  and  control 1169  8&-87 

worm,  green-striped,  deecjiption,  habits,  and  control 1169  44-46 

Mare,  testation  period 1167  9 

Marigold — 

African,  description,  cultivation,  and  characteristics 1171  46,81 

Aztec,  description,  cultivation,  and  characteristics 1171  46 

Cape,  description,  cultivation,  and  cl  aiacteristics 1171  58 

French,  description,  cultivation,  and  cl  aiacteriptice 1171  59 

f  58—59 

Marigolds,  description,  cultivation,  and  characteristics 1171|  y^  gj^ 

Markweed.    See  Poison  iv>'. 

Marsh  land,  use  for  alsike  clover 1151  18 

Martin,  John  H.,  bulletin  on  "Proso,  orhogmillet" 1162  1-15 

Marvel  of  Peru,  description,  cultivation,  and  characteristics 1171    50-52, 80 

Maryland — 

alsike  clover  growing  and  seed  production 1151  12, 23 

fur-bearing  animals,  laws,  1920 1165  13-14 

wheat  varieties  grown 1168  13, 15 

Massach  usetts — 

fur-bearing  animals,  laws,  1920 1165  14 

Newburv  Grange  Hall,  description  and  i)lan8 1173  2&-27 

Mathews,   O.  R.,  bulletin  on     Dry  farming  in  Western  South 

Dakota" 1163  1-16 

Matthiola,  incana  annua^  description,  cultivation,  and  characteristics.  1171    54 -55,  83 
Meadows — 

alsike  clover,  value 1151  17-18 

moist,  grass  mixtures,  formula 1170  6 

Northern  States,  establishment  and  management,  bulletin  by 

C.  V.  Piper  and  Lyman  Carrier 1170  1-13 

permanent,  rotation,  and  temporary,  grasses  used  for 1170  4 

Meats,  consumption  per  capita,  proportion  of  mutton,  beef,  and  pork  1172  3 

Meconium,  retention  by  lambs,  8>'mptoms  and  treatment 1155  30 

Melasoma  spp. ,  description,  habits,  and  control 1169  50-51 

Mendel,  Greoor,  discovery  of  important  law  of  heredity,  note 1167  16 
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Menders  law,  importance  of  difl<over>-  to  breeders .'. .  11671  71' 

Menini^'itifl.  sheep,  caiifle.  8ym])toni8.  and  treatment 1155  3C»-j1 

Mercury  plant.     •SV*'  PoL*on  i^'^^ 

MeiriiLs,  ewes*,  cause,  s^pmtomp,  and  treatment 1155  54 

Michiyan — 

ali^ike  clover  prowing 1151  21,2J 

<  enterville  conunuuity  honse,  descrri)tion  and  plans 1173  21 

fur-bearint?  aninals,  laws,  1920 1165  14-lS 

wheat,  varieties  ^'rown : 1168  12.17 

Midire.  sor^rhum,  d^ic  ription  and  control 115S  3H*i 

Mid^'es.  pall,  life  hi^^tory,  and  control 1169  %M 

Mignonette,  description,  cultivation .  and  characteristics 1171  53, K! 

Mildew])r«>oli ng,  cotton  duck,  formulas  and  cost 1157  9  1  • 

Milk- 
fever,  ewes,  cause,  sjTnpt^nis.  and  treatment 1155  i) 

production  with  com  and  with  sorghum .  comparison •  1158  25 

Millet- 
hog.    See  Proso. 

use  as  temporary  hay  crop,  eeedini?,  and  rate 1170  7 

Millets,  varieties,  difstinction  from  proso 1162  3, 4. 5 

Minnesota — 

alsike  clover,  growing  and  seed  production .' 115l|  ^o\'>] 

fnr-animals,  laws.  1020 1165  '    '  l^ 

Northficld  commuTiity  building,  description  and  plan 1173  3^Co 

proso  growing,  notes 1162  4,  '-> 

Wheaton  community  building,  description  and  plana 1173  2S-^ 

Mississippi — 

fur  animals,  laws.  1920 1165  1'^ 

wheit  varieties  gro^vn 1163  9 

Mi8»)uri — 

fur-bearine  animals,  laws,  1920 * 1165  1^ 

wheat  varietie?  crown 1163  U 

Mites,  gall-making,  description,  habits,  and  control 1169  ^ 

Mold- 
blue,  apple,  description,  cause,  and  control 1160  15-1?? 

pray,  apple,  cause  and  description 1160  1* 

Mont  ma — 

fur-bearing  animals,  laws.  1920 1165  1** 

hay  feeding  testa,  value  of  alsike  clover 1151  ' 

Mop,  use  in  inject  control  on  trees 1169  12,  \' 

Morse,  W.  J.,  bulletin  on ''Cowpeas;  Utilization" 1153  1--' 

Moth— 

Aniroumois  jn'ain — 

■'buUetinby  E.  A.  Back.... 1156  W 

control  by  community  action 1156  2,-' 

control  methods 1156  1&- ^ 

origin,  de^Tiption  and  life  history 1156  ^>-' 

leopard.  de?(  ription,  habits,  and  control 1169  6"^*^' 

Mourning  bride,  description,  cultivation,  and  characteristics 1171  35, ^^ 

MurFORD,  F.  L.,  and  L.  C.  Corbetf,  bulletin  on  '^Growing  annual 

tlov.-ering  plants" 1171  1-"^ 

Muttai— 

braised  leg.  shoulder,  and  breast,  and  stuffing  for 1172  21-*- 

cookiiiG:  re»  ipes 1172  20-'- 

corned,  preparation  and  u-^e 1172  31-5- 

curiuiron  f\rm,  directions  and  brine  formula 1172  1I>-1' 

dry  cnrinir  directions 1172 

f:)rm.  bhuight^rin"^  and  use,  and  of  lamb,  bulletin  by  C.  G.  Potts.  1172  K^ 

liavor,  te^t  experiments  in  control 1172  4-' 

food  value,  ccinposition,  and  freedom  from  disease 1172  '^ 

roast,  recipe-! 1172  2"i'--» 

use  as  meat,  percentage  of  total  meat  consumption 1172  3^ 
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Napier  grass,  immunity  to  red-spot  of  80i]^hum,  note 1158  29 

Nason,  W.  C.,  and  C.  J.  Galpin,  bulletm  on  "Plans  for  rural  com- 
munity building:8" 1173  1-38 

Nasturtium,  dwarf,  description,  cultivation,  and  characteristics 1171    69-70, 81 

Navel — 

ill,  occurrence  in  lambs,  cause  and  treatment 1155  13-14 

lamb,  treatment  to  prevent  infectious  diseases 1155  13, 14 

Nebraska — 

fur-bearing  animals,  laws,  1920 1165  16 

sorghum  ^wing,  rotation  experiment 1158  5-6 

Necrobacilloais  of  navel,  iambs,  cause,  symptoms,  and  prevention. .  1155  12 
See  also  Lip-and-leg  ulceration. 

Nemophila,  aescription,  cultivation,  and  characteristics 1171  64, 81 

Nenfabraea  malicorticis,  disease  of  apples,  de^ription.  etc 1160  12-13 

NeoUcanium  comuparvum,  description,  habits,  and  control 1169  81 

Nevada,  fur-bearing  animals,  laws,  1920 1165  16 

New  Brunswick,  lur-bearing  animals,  laws,  1920 1165  26-27 

New  Hampshire — 

fur-bearing  animals,  laws,  1920 1165  16-17 

Lebanon,  community  building,  description  and  plans 1173  37-38 

New  Jersey — 

fur-bearing  animals,  laws,  1920 1165  17 

wheat  vaneties  grown 1168  13, 15 

New  Mexico — 

fur-bearing  animals,  laws,  1920 1165  17 

sorghums  growing  for.grain  and  forage 1158  3, 8 

New  York — 

alsike  clover  growing  and  seed  production 1151    12, 22, 23 

fur-bearine:  animals,  laws,  1920 1165  18 

Locust  Valley  community  building,  description  and  plans 1173  22-23 

wheat  varieties  grown 1168  14, 15 

Newfoundland,  fur-bearing  animals,  laws,  1920 1165  30 

Nicotine  sulphate,  nature,  and  use  against  sucking  insects 1169  13 

North  Carolina — 

Experiment  Station,  cowpea  uses 1 153  16, 22 

fur-bearing  animals,  laws,  note 1165  18 

wheat  varieties  grown 1168  9 

North  Dakota — 

fur-bearing  animals,  laws,  1920 1165  18 

f  4  5 

proso  variety  growing,  and  yields 1162<     g  lo  11 

Northern  States — 

alsike  clover  growing  and  use 115l|  ^^  jj  23 

meadows  for,  bulletin  by  (\  V.  Piper  and  Lyman  Carrier 1170  1-13 

Northwest  Territories,  fur-bearing  anin^als,  laws,  1920.. 1165  27 

Nova  Scotia,  fur-bearing  animals,  laws,  1920 1165  27 

Nozzles,  sprayer,  description 1169  23-27 

Oak— 

^11  insects,  habits,  and  control 1169  92-93 

insects  injurious 1169  98-99 

poison,  description 1166  6-7 

pubescent  Kermes,  scale,  description,  habits,  and  control 1169  79-80 

twig-pruner,  description,  habits,  and  control 1169  70-71 

two-lined  borer,  description,  habits,  and  control 1169  61-63 

Oats- 
growing  and  >deld,  Western  South  Dakota 1163  6-8, 11-13 

seeding  v\ith  Canada  peas  for  hay,  temporary  meadow 1170  7 

Obscure  scale,  description,  and  control  on  shade  trees 1169  79 

Ohio— 

alsike  clover  growing 1151  14, 23 

fur  bearing  animals,  laws,  1920 1165  19 

wheat  vaneties  grown 1 168  1 2, 15 

67252—21 3 
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Oils,  mificible,  use.  agaiiiBt  suckiDg  iriFecte 1169  12 

Oklahoma — 

f  iir-bearing  aniir  als.  laws,  1920 1 165  1& 

Borgh urn  growing  for  grain  and  forage 115S  *3,S 

wheat  varieties  ^own 1168  ^ 

Onddercs  spY>.,  desenption,  habila,  and  control 1169  ll-Tl 

Onion  sauce,  recipe,  use  with  mutton 1172  2S 

Ontario,  fur-bearing  anin  als,  laws,  1920 1165  25 

Ophthalmia,  sheep,  treatment 1155  25 

Orange  sunflower,  description,  cultivation,  and  characteristics 1171  31, 5l 

Orchard  grass,  value  as  hay  in  mixtures,  and  formula 1170  ^ 

Oregon,  alsike  clover  seed  growing 1 151  Zi 

Outcrossing,  anin  al  breeding,  results 1167  24 

Overflowed  lands,  alsike  clover  euccefs 1151  18-19 

0>'8ter-8hell  scale,  description  and  control  on  shade  trees 1169  77 

Pachypsylla  spp. ,  description,  habita,  and  control 1169  91-S2 

Painted-leaf,  aeecription,  cultivation,  and  ct aracteristics 1171  35-36, 82 

Painted-tongue,  description,  cultivation,  and  characteristics 1171  47,82 

Paleacrita  vemata,  description,  habits,  and  control 1169  36-37 

Pansy,  descripti<m,  cultivation,  and  characteristics 1171  70-71, 81 

ParalytiF — 

preparturient,  of  ewe^,  cause,  sjTnptoms  and  treatment 1155  34 

Fheep,  caute  and  treatment 1155  31, 34-35 

Parandra — 

borer,  description,  habit-',  and  control 1169  61 

brunitea,  de^^cription,  habits,  and  control .* 1169  61 

Parasites — 

Angoumois  grain  moth 1156  1^ 

aspen  borer 1154  8? 

beneficial,  control  of  injuriouF  ineec  t« 1169  6-7 

Parthenocissus  quinqiiefolia.    >^e€  A  irginia  creeper. 
Pasture — 

Al  ike  clover,  value 1151  16-17 

cowpeas,  value 1153  17-19 

.^'orghum  ufc,  danger,  and  prerautions 1158  25-2?^ 

PediculfAdes  ventricosus,  enemy  of  Angoumois  grain  moth 1156  \^ 

Pedigree,  value,  and  main  points  in  live-stock  breeding 1167  26-3f' 

Pemphigus  populi-tramversus^  der:cription,  habit*',  and  control 1169  89-9t» 

Penicillium  exjxinsumj  cause  of  blue  mold  of  apple 1160  15 

Pennsylvania — 

abike  clover  growing 1151  12, 21 

fur-bearing  animals,  laws,  1920 1165  21^ 

wheat  varieties  grown 1168  14, 15 

Periphyllus — 

lyropicluij  de3cription,  habit*»,  and  control 1169  84 

negundhiiSf  description,  habit?,  and  control 1169  85 

Peritonitis,  sheep,  cauFe,  symptoms,  and  treatment 1155  W 

Perbimmon,  in.  ect  injuiious 1169  99 

Petrolatum,  souice,  use  in  waterproofing  duck,  and  cost 1157  11-13 

Petunia,  de-xription,  cultivation,  and  characteristics 1171  65-67. SI 

Phlox,  description,  cultivation,  and  characteristics 1171  59-60, 82 

Phvlloxera,  gall  midge  on  hickory,  habits  and  control 1169  90-&1 

Pickle- 
coloring  and  hardening,  objectionable  agents 1159  19 

dill,  making  at  home,  airections 1159  13-15 

failure,  cause.'  and  prevention 1159  17-19 

fermented,  bulletin  by  Edwin  Le  Fevre 1159  1-22 

hollow,  causes 1159  IS 

mixed,  making  at  home 1159  12-1? 

ealt,  making  at  home,  directions 1159  6-11 

shriveling,  cause 1159  lf> 

soft,  cause  and  prevention 1159  17 

sour,  directions 1159  11, l^ 

sweet,  directions  for  making 1159  11-12 
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Kckling,  cucumber,  direction**,  equipment,  and  supplies 1159            6-15 

Picry.    See  Poison  ivjr. 

PiETERs,  A.  J.,  bulletin  on  ** Aleike  clover " 1151            l*-25 

Pigs,  fattening,  cowpeas  value 1153               10 

Piacushion  fl(»wer,  description,  cultivation,  and  characteristics 1171          35, 82 

Pink-rot,  apple,  dejcription  and  cause 1160          16-17 

Pinks,  description,  cultivation,  and  characteri*^ticf* 1171    60-64, 82 

Pipeless  furnace.    See  Furnace,  pipele  f. 

Piper,  C.  V.,  and  Lyman  Carrier,  bulletin  on  *'Meadowa  for  the 

Northern  States" 1170            1-13 

Pit*?,  flower,  construction  and  use 1 171               19 

Plagionotus  speciosus,  defjcription,  habits,  and  control 1 169          53-55 

Plant-bug,  boxelder,  description,  habit?,  and  ccmtrol 1169         75-76 

Plants- 
annual  flowering — 

growing,  bulletin  by  L.  C.  Corbett  and  F.  L.  Mulford 1171            1-83 

See  also  Flowers,  annual. 

flowering,  use^  and  adaptations 1171             3-7 

Platycodon  grandiJioTum,  description,  cultivation,  and  characteristics  1171    46-47,79 

Plectrodera  scalator,  de^-cription,  habits,  and  control 1169          66-68 

Pleurisy.    See  Pneumonia. 

Pneumoenteritjs.    See  Hemorrhagic  septicemia. 

Pneumonia — 

lambs,  cause  and  treatment 1155               26 

sheep,  cauee,  symptoms,  and  treatment 1155               26 

PoeaYonoto  ci/amp«»,  injury  to  aspen  trees 1154                 9 

Poinsettia,  annual,  description,  cultivation,  and  characteristics 1171    35-36,  82 

Poison— 

ash.    See  Poison  sumac, 
creeper.    See  Ivy,  poison, 
dogwood .    See  Poison  sumac . 
elder.    See  Poison  sumac. 
ivy— 

and  poison  siimac,  and  their  eradication,  bulletin  by  G.  V. 

Grant  and  A.  A.  Hansen 1166           1-16 

deacription,  names,  and  local  forms 1166             3-8 

eradication  methods 1166          14-15 

occurrence,  forms,  description,  etc 1166             3-8 

mash ,  use  in  grasshopper  control  in  soi^ghum  fields 1158               30 

oak,  description,  similarity  to  poison  ivy 1166             6-7 

fiumac — 

and  poison  ivy,  and  their  eradication,  bulletin  by  C.  V. 

Grant  and  A.  A.  Hansen 1166           1-16 

description  names,  and  similar  plants 1166           8-11 

eradication  methods 1166         15-16 

occurrence  and  distinctive  characters 1166           8-11 

Poisoning — 

ivy,  symptoms,  prevention,  and  remedies 1166         11-13 

prussic-acid,  in  sorghum  pastures 1158    21, 27-28 

sumac,  s>Tnptoms,  prevention  and  remedies 1166         11-13 

Poisonous  plants,  ivy  and  sumac  and  their  eradication,  bulletin  by 

C.  V.  Grantand  A.  A.  Hansen 1166           1-16 

Poor-land,  hay  plants 1170             6-7 

Poplar — 

borer,  mottled ,  description ,  habits,  and  control 11 69         65-66 

gall  insects,  description,  habits,  and  control 1169         89-90 

insects  injiuious 1169        99-100 

leaf-beetles,  description  and  control 1169         50-51 

trees,  treatment  for  borer  control 1154              11 

Poplars,  injury  by  borers 1154    3-6,9-10 

Poppies,  description,  cultivation,  and  characteristics 1171<          '   g^ 

Pa/mZw*  spp.    5'e€  Aspen;  Cottonwood;  Poplar. 

Pork,  consumption  per  capita,  and  comparison  with  other  meats —  1172                3 

Portulacca,  description,  cultivation,  and  characteristics 1171    71-72, 82 
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Potts,  C.  G.,  bulletin  on  'Tarm  slaughtering  and  uae  of  Iamb  and  No.  Pt«B. 

mutton" 1172  1-S 

Poultrv,  feeding  on  cowpeaseed  and  hay 1153  10,17 

Pox,  sheep,  cause,  symptoms,  and  prevention 1155  17 

/'rmz  baa/fu^,  cause  of  caseous  lymphadenitis 1156  14 

Prepotency,  animals,  discussion  and  examples 1167  U-IS 

Prince  Edward  Island,  fur-bearing  animals,  laws,  1920 1165  ffi 

Prince  Weather,  description,  cultivation,  and  characteristics 1171  31,82 

Prionorystiis  robiniae,  description,  habits,  and  control 1169  ®-70 

Prociphilus,  spp.,  injury  to  aeciduous  trees,  habits,  and  control 1169  86-S8 

Pri>so — 

description  and  value  as  crop,  climate  and  soil  requirements. ..  1162  S4 

food  use  and  value 1162  13-14 

powing,  seeding,  harvesting,  and  uses 1162  U-14 

harvesting  and  thrashing 1162  13 

introductions  from  Russia 1162  W 

or  hog  millet,  bulletin  by  John  H.  Martin 1162  1-15 

sowing,  method,  rate,  and  date 1162  6,15 

varieties,  characters,  and  key  to 1162  Ml 

variety  tests  and  yields 1162  ^11 

yields  and  weight  per  bushel 1162  6, 1» 

Pruning,  relation  to  insect  injury 1169  15^W 

Prussic  acid,  poison  in  sorghum,  discussion  and  reccMnmendations. . .  1158  27-2^ 

Pseudo-tuberculosis,  sheep,  cause  and  treatment 1155  14 

Pteromalits  gelechiae,  enemy  of  Angoumois  grain  moth 1156  1? 

Pulldown.    See  Dodder. 

Pulp,  paper,  use  of  poplar  wood  for 1154  4 

Pulvinana  vitu,  description,  habits,  and  ciHitrol 1169  K 

Pump,  spray,  for  small  opeurations 1169  3D-2! 

Purebreds.  livestock,  breeding,  standards,  and  knowledge  required.  1167  24-25 
Pustule  malignant.    See  Anthrax. 

Quarter  ill.    See  Blackleg. 

Quebec,  fur-bearing  animals,  laws,  1920 1165  2^-^ 

Rabi es,  sheep,  cause,  symptrans,  and  treatment 1155  1^1* 

Rachitis.    See  Rickets. 

Ragged -robin,  description,  cultivation,  and  characteristics 1171  32-31^ 

Ragged-sailor,  description,  and  cultivation 1171  32-31>^ 

Rain  rot,  sheep,  cause  and  treatment 1155  3*-3^ 

Rash,  sheep,  cause,  symptoms,  and  treatment 1155  t^' 

Recipes,  cooking  mutton  and  lamb 117?  W-^ 

Red  water,  sheep  disease,  occurrence  and  treatment UK  I> 

Red-spot — 

sorghum,  description  and  destructivenees 115S  2S-:^ 

sorghum  disease,  occurrence  on  Sudan  grass 115S  * 

Red  top ,  value  as  hay  in  mixtures,  and  tcderance  of  vet  and  add  boHb  .  1 170  5-4  T. 

Rents,  farm,  cash  and  share 1164< 

Repairs,  farm  buildings,  provisions  in  leases UW  17- 

Rheiimatism,  s^eep.  cause  and  treatment 1155 

Rhixle  Island,  fur-bearing  animals,  laws,  1920 1165 

Rhus— 

qut'TifoUa,  description,  etc 116S 

nhih^iiis.     See  Poison  i\'y. 

vrnus.    See  Poison  sumac. 
A'.Wkiw  civnmnnis,  description,  characteristics,  and  nee  as  ona- 

moutAl 1171  e^S 

Riikot.*— 

lamb.  t^u:*e.  and  symptoms 1155 

lanil>s.  s\Tnptoms  and  treatment 1155  i» 

Riui:worm.  slie^p,  cause,  symptoms,  and  treatatent 1156  T 

Roai»t,  miuum,  recipes 1172  35-1* 

Rommel.  George  M..  bulletin  on  ''Eeeentials  <rf  animal  breeding''.  llfT  l-> 

Ri>cie,  everlastiosr,  de^^mption,  cultivatio<n,  and  characterifliicB 1171  54  < 

Rot,  wooii.  de?truct ion  of  trees  attacked  by  aspen  bowre 1154  %.y 

Sec  a!:fo  Fool  rot;  Rain  rot. 
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crop,  yield  after  soighum,  experiments 1158 

crops,  for  <5ontrol  of  dodder 1161 

Bots,  apple,  causes  description,  and  control 11^ 

Rudbeckia,  description,  cultivation,  and  characteristics 1171 

Saccharometer,  sugar  concentration  measurement 1159 

Sage,  scarlet,  description,  cultivation,  and  characteristics 1171 

Salinometer,  use  in  measuring  salt  percentage  in  brines 1159 

Salpiglossis,  description,  cultivation,  and  clmracteristics 11 71 

Salt,  percentage  in  brines,  measiirement 1159 

Salvia,  description,  cultivation,  and  characteristicB 1171 

San  Jose  scale,  description,  habits,  and  control 1169 

Saperda — 
ealcarata — 

description,  habits,  and  control 1169 

See  alio  Borer,  aspen. 

tridentata,  description,  habits,  and  control 1169 

veitita,  description,  habits,  and  control 1169 

Sash,  hotbed,  description,  glazing,  and  sizes 1171 

Saskatchewan,  fur-bearing  animals,  laws,  1920 1165 

Sauerkraut — 

failure,  to  pickle,  causes  and  prevention 1159 

making,  directions 1159 

Sausage,  mutton,  recipe 1172 

Savory  sauce  for  mutton,  recij^e 1172 

Sawfly,  elm  and  willow,  description,  habits,  and  control 1169 

Scab- 
apple,  description,  development  in  storage,  and  control 1160 

false,  shee{>,  cause  and  treatment 1155 

Scabiosa,  description,  cultivation,  and  characteric tics 1171 

Scald- 
apple,  cause,  description,  and  control 1160 

soft,  apple,  cause,  description,  and  control 1160 

Scale  insects,  habits,  control,  and  descriptions  of  different  species. .  1169 
Scales — 

shade  trees,  causes,  description,  and  control 1169 

soft,  of  tulip  tree  and  magnolia,  description  and  control 1169 

ScUrotinia  dnerea,  cause  of  brown-rot  of  apple 1160 

ScolytUB  quairiipinosus,  description,  habits,  and  control 1169 

Scours,  whites,  of  lambs,  cause,  symptoms,  and  treatment 1155 

Screen,  wire,  use  in  banding  trees 1169 

Seed— 

alsike  clover- 
description 1151 

production,  areas,  yields,  and  harvesting 1151 

com — 

better,  bulletin  by  C.  P.  Hartley 1175 

good,  requirements 1175 

treatment  and  care 1175 

cowpea,  harvesting,  storage,  yields,  etc.,  by  States 1153 

cowpeaa— 

germination  of  varieties,  after  different  periods 1153 

weight  in  100  pounds  of  pods 1153 

dodder,  destruction  by  heat 1161 

dodder-infested,  examination  and  cleaning 1161 

sorghum — 

planting  rate  and  methods 1158 

production,  harvesting,  and  feed  value 1158| 

treatment  for  smut  control 1158 

sugar-beet — 

cleaning 1152 

cultivation  and  harvesting 1152 


18,20 

10-12, 

13-17 

44r45,82 

12,21 
36,82 

9,20 
47,82 

9,20 
36,82 
77-78 


58-59 

55-56 
57 
17 
29 

18-19 

15-16 

32 

27 

51-52 

3-4 

38 

35,82 

21-23,  24 
20-21 
76-83 

76-83 

80-81 

17 

72-74 

13 

18 


6-7,  22 
23-25 

1-14 

5-6 

9-13 

3-11 

9 

9 

13 

9, 12-13 

10-16 
18-20, 
26-27 
29,03 

20-21 
15-18 
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8?ed-Continue(l  |SK' 

sugar-be'^t — Continued.                                                                           No.  l*»r. 
growing  in  Rocky  Mountain  States,  bulletin  bv  W.  W. 

Tracy.  Jr ' 1152  1-21 

thrashing  and  cleaning 1152  19-21 

yields  in  Rocky  Mountain  States 1152  17 

Seeding — 

f  &-«,ll- 

alsike  clover,  methods  and  rate,  alone  and  in  mixtures 115l{  12,  li 

I  15,18 

grasses  and  hay  mixtures,  method,  time,  and  rate 1170  HO 

sorghum,  date,  method,  and  rate 1158  10-16 

Seeds- 
annual  flowering  plants,  sowing,  germination,  and  care  of  seed- 
lings     1171  11-14 

(  4-6.9 

dodder,  production,  description,  and  characteristics 1161-j  y^  jq 

Separator — 

beet-s3ed,  description 1152  19-20 

grain,  use  in  thrashinc:  cowpeas 1153  7 

Serums,  use  in  •beep  dis3a3es 1155  7, 8, 13 

Shade  trees — 

deciduous,  insects  injurious  and  their  control,  bulletin  by  Jacob 

Kot  insky 1 169  1-100 

iniurv  bv  insects,  causes,  prevention,  etc.,  discussion 1169  3-10 

f  24-28 

Share  leasees,  special  prohlemF,  discussion 1164J  ^^^ 

Sheep — 

carcass,  cutting  up,  directions 1172  1^15 

diseases,  description,  causes,  and  control,  bulletin  bv  Bernard 

A .  Gallagher *. 1155  1-39 

diseases  of  head  and  air  passages,  causes,  8>  mptoms,  etc 1155  21-2^ 

feeding,  alsiVe  hay  value \ 1151  9 

feeding  on  cowpea  hay,  experiments 1153  16 

pa«^turing  on  cowpeas 1153  18 

pox,  nature,  s>'mptoms,  and  prevention 1155  17 

skinninsr  directions 1172  8-12 

slaughtering  and  dressing,  directions 1172  &-12 

slau^litering  on  farm,  and  uao  of  lamb  and  mutton,  bulletin  bv 

C.  G.  Potts '.     1172  1-32 

Shellin^r,  seed  corn,  directions 1175  13-14 

Shoulder,  mutton,  Ironing  directions 1172  lo 

Silage — 

alsike  clover,  value 1151  20 

cowpta,  value 1153  1^20 

crops.  compo!*ition ,  comparisons 1 153  20 

sorghum,  uhc,  value  and  \4elds,  comparison  with  corn 1158  22-25 

Siloing,  stecklinpfs  for  seed  beets 1 152  9-12 

Silos,  pit,  for  cattle  feed  in  winter 1158  25 

Sirup,  sugar  density  determination 1159  21 

Sitntrofjn  ccrrnldla.     See  Moth,  Angoumois  grain. 

Skin,  di.H»a?eH  of  sheep,  causes,  s>mptoms  and  treatment 1155  36-38 

Skinnini?,  sheep,  directions 1172  8-12 

Slaughtering,  slieep,  and  dressing  directions 1 172  6-12 

Smuts,  soFfijhum,  description  and  control 1 158  29-30 

Snap<ira^on,  description,  cultivation,  and  characteristics 1171    47-48,82 

Snow-on-the-mountain,    description,    cultivation,   and    characteris- 
tics  1171  50,83 

Snullles,  slieep,  cause  and  treatment 1155  25 

Soap,  lish-oil  or  laundry,  use  as  spray  or  spreader  for  sprays 1169  13, 14 

Soda,  nitrate,  use  on  hay  crops 1170  H 

Sodium  arsenite,  addition  to  contact  spray  for  sucking  insects 1169  13 

Soft-scald,  apple,  cause,  description,  and  control 1160  20-21 

Soil,  improvement,  alsike  clover,  value  and  fertilizing  constituents      1151  20-21 

Soil,  preparation  for  growing  annual  flowering  plants 1171  7-10 

Soiling  crop,  sorghum  use  and  value 1158  21-22 
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acid,  graeses  8uital>le  for 1170  1 1 

acid,  tolerance  of  alsike  clover 1 151    2, 3, 5, 13 

special,  annuals  adapted  to 1171  76-78 

Sore — 

eyea,  sheep,  treatment 1 155  25 

mouth,  lambs.    See  Stomatitis. 
Sorghum — 

blight.    Sec  Red -spot,  sorghum. 

cultivation,  implements 1158  16 

effect  on  land  and  in  rotations 1158  5-6 

forage  crop,  importance  and  extent 1158  3 

groups  and  varieties,  classification  and  local  adaptations 1158  6-9 

growing  and  >deld.  Western  South  Dakota 1163|  1 1  lo  li 

lowing,  regional  map  and  varieties  recommended 1158  4, 8-9 

infestation  by  A ngoumois  grain  moth 1156  7-9 

midge,  description  and  control 1158  31-32 

pruFsic  acid  content,  discussion  and  recommendations 11^8  27-28 

seeding,  method 1158    10, 13, 15 

smuts,  description  and  control 1158  29-30 

varieties,  growing  as  ornamentals,  characteristics,  etc 1171    2C-28,  83 

Sorghum-legume  mixtures,  value 1158  20 

Sorghums — 

climatic  and  soil  relations  and  fertilizers 1158  3-6 

diseases,  description  and  control 1158  28-30 

fodder  and  eilage,  chemical  composition  and  digestibility' 1158  27 

f  6,7, 

gram,  varieties,  value  for  seed  and  forage 1158<  14-15, 

t  26-27 
gro^^ing  and  utilization  for  forage,  bulletin  bv  II.  N.  Vinall 

andR.  E.  (Jetty \ 1158  1-32 

harvesting,  time  and  methods 1158  16-20 

introduction  into  U.  S.,  and  increase  acreage  since  1857 1158  3 

row  planting,  methods  and  seeding  rate •. 1158J  i3_15 

seeding,  date,  method,  and  rate 1158  10-16 

sweet,  forage  >'ield 1158  9 

Sorgo  varieties,  ^-alue  for  fora<<c,  cultural  directions,  ^-ields,  etc 1158  6-19 

Soup,  mutton,  rccipe. .  1172  20 

South  Carolina — 

fur-bearing  animals  laws,  1020 1165  21 

wheat  varieties  grown 1168  9 

South  Dakota — 

Ardmore  Station,  crops,  cultural  methods,  et<* 1163  6-14 

Belle  Fourche  Station,  crops,  cultural  methods,  etc 1163  6-14 

fur-bearing  animals,  laws,  1920 Iir5  21 

proeo  variety,  growing  and  yields 1162<  in  'ii 

Western,  dry  farming,  bulletin  by  O.  R.  Mathews 1163  1-16 

Sow,  gestation  period * 1 167  9 

Sowing,  proso,  methods,  rate  and  date 11C2  6, 12 

Sows,  feeding  on  cow])ea  hay,  experiments 113  19 

Soy  beans,  fertilizing  constituents,  comparison  vdih  other  l^ximes..  11.^3  22 

Sphaerop»is  malorum.  description,  cause  and  control,  black,  apple..  1160  13-14 

Spider,  red.  description,  halita.  and  control 1169  93-94 

Spiderflower,  description,  cultivation,  and  characteristics 1171  31, 83 

Splenetic  fever.     See  Antrhax. 

Spoilage,  fermented  vegetables,  cause  and  prevention 1159  19 

Spongy  dry-rot,  apple,  des 'ription,  cause  and  control 1160  17 

Spray,  dilution  table  for  tree  spraj-ing 1 169  30 

Sprayers,  power,  and  accessories 1169  22-29 

Spraying- 
supplies  miscellaneous : 1169  28-29 

trees,  outfit*  small  and  large,  and  accessories 1169  20-29 
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contact,  for  sucking  insects ll€ft  11-14 

poisonous,  for  chewing  insects 11€9  11-14 

Stacking,  sugar-beet  seed  crops 1152  19 

Stecklinjjs — 

growing,  harvesting,  and  siloing 1152  ^12 

siloing  practices 1152  N2 

transplanting  for  seed  production 1152  12-15 

Steers,  feeding,  value  of  silage,  com,  and  sorghum,  comparison 1158  S 

S  tigmonose,  apple,  description,  cause ,  and  control 1160  9-10 

Sto.k,  flower,  aeacriptiwi,  culti\'ation,  and  chwucteristics 1171  54-55,83 

Stomatitis,  sheep — 

cause,  8>^mptoms,  and  treatment 1155  27 

variant  forms 1155  27 

Storage — 

cold  value  for  control  of  apple  diseases 1160  2-24 

cowpea,  by  States 1153  3-11 

cowpea  seed 1153  S 

Strangle- weed.    See  Dodder. 

Straw — 

alsike  clover,  feed  value 1151  25 

compodtion,  comparisons  of  several  kinds 1153  12 

cowpea,  feeding  value 1153  11-12 

Strawflower,  description,  cultivation,  and  characteristics 1171  36-37, 83 

Stretches.     See  Colic. 

Sudan  grass,  susceptibility  to  red-spot  of  sorghum 1158  2S 

Sultan,  sweet,  description,  characteristics,  and  uses 1171  31, 81 

Sumac — 

harmless,  description  and  comparison  with  poison  species 1166  10-11 

poiaon,  and  poison  i\'y,  and  their  eradication,  bulletin  by  C.  V. 

Grant  and  A.  A.  Hansen 1166  1-16 

poisoning,  symptoms,  prevention,  and  remedies 1166  11-13 

Sun  \)lant,  description,  cultivation,  and  characteristics 1171  71-72, S 

Sunnowers,  description,  characteristics,  cultivation,  and  use 1171  25-26, 83 

Surgeon,  tree,  work  and  equipment 1169  S 

Swamp  sumac.    See  Poison  sumac. 

Sweet — 

alyssum,  description  and  cultivation 1171  72-74, 79 

scabious,  description  and  cultivation 1171  35, 82 

Sweet-sultan,  description,  characteristics,  and  uses 1171  31,81 

Sweet-william,  description,  cultivation,  and  characteristics 1171  63,  S3 

Sycamore — 

insects  injurious 1169  100 

lace-bug,  description,  habits,  and  control 1169  74-75 

Tagetes,  description,  cultivation,  and  characteristics 1171  "4 

Taswlflower,  description,  cultivation,  and  characteristics 1171  67-68, 79 

Teeth,  defective,  in  sheep,  treatment 1155  ^  J^ 

Tenants,  farm,  duties  and  privileges  under  leases 1164< 

Tennessee — 

alsike  clover  growing 1151  15,23 

Experiment  Station,  cowpea  hay  as  dairy  feed 1153  16 

fur-boaring  animals,  laws,  1920 1165  21-22 

wheat  varieties  grown 1168  ? 

Tent  caterpillar,  foropt,  description — 

habitH  and  control 1169  35-36 

ha}>its,  seasonal  history,  and  control 1169  35-3* 

Terrapin  scale,  description  and  control  on  shade  trees 1169  81-&' 

Tetanus,  sheep — 

cause  and  symptoms 1156  7-8 

treatment 1155  8 

Tetranychus  tclariiis,  description,  habits,  and  control 1169  93-54 


12-28, 

34-^ 
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fur-bearing  animals,  laws.  1920 1165  22 

proso  variety  growing  ana  yields 1162  4,  6, 10 

sorghums  growing  for  grain  and  forage 1158  3, 5 

wheat  varieties  grown 1168  7-8 

Thrashers,  bean,  description 1153  7-8 

Thrashing — 

cowpeas  and  storing 1153  7-9 

proso 1162  13 

sugar-beet  seed 1152  19-20 

wheat,  delay  cause  of  moth  infestation 1156  16 

Three-leaved  iv>'.    See  Poison  ivy. 

Thrush,  lambs.    See  Stomatitis. 

Thunderwood.    See  Poison  sumac. 

Tkyridopteryx  ephemeraeformisy  description,  habits,  and  control 1169  31-33 

Timothy- 
mixture  with  alsike  and  red  clover,  seeding  rate,  etc 1151  11-13 

value  as  hay  grass 1170  3, 4-5, 8, 9 

Tomato  sauce  for  mutton,  recipe 1172  29 

Toximeyella  liriodendriy  description,  habits,  and  control 1169  80 

Toxicodendrol,  poisonous  principle  of  poison  ivy  and  poison  sumac.  1166  11 

Tracy,  W.  W.,  Jr.,  bulletin  on  "Sugar-beet  seed  growing  in  the 

Rocky  Mountain  States." 1152  1-21 

TranspUuiting,  annual  flowering  plants,  directions 1171  14 

Tree- 
cavities,  filling,  directions 1169  15 

surgery,  work  and  equipment 1169  8 

wounds,  treatment 1169  14 

Trees- 
banding  for  insect  control,  directions,  and  materials 1169  17-20 

deciduous,    insects   injurious,    and    their    control,    by    Jacob 

Kotinsky 1169  1-100 

deciduous  shade,  insects  injurious  and  their  control,  bulletin  by 

Jacob  Kotinsky 1169  1-100 

growth  stimulation  by  fertilizers,  etc.,  aid  in  insect  control 1169  16 

pruning,  relation  to  insect  injury 1169  15-16 

shade,  insects  attacking,  list,  under  names  of  trees 1169  95-100 

shade,  protection  against  insects,  principles 1169  10-14 

shade,  treatment  for  borer  control 1154  11 

spraying  outfits  small  and  large,  and  accessories 1169  20-29 

TVic^p/tyfon /on^/rarw, cause  of  rtngworm  in  sheep 1155  37 

Trifoliosis,  stock  disease,  caused  by  alsike  clover,  precautions 1151  23 

Trifolium  hybridum.    See  Clover,  alsike. 

Trotzers,  definition  and  uses 1152  17 

Tuberculosis,  sheep — 

diagnosis  and  treatment 1155  14-15 

rarity,  resemblance  to  caseous  lymphadenitis 1155  14-15 

Tulip  tree — 

aphis,  description,  habits,  and  control 1169  85 

insects  injunous 1169  100 

soft  scale,  description  and  control 1169  80 

Turner,  Howard  A.,  and  L.  C.  Gray,  bulletin  on  "The  farm  lease 

contract" 1164  1-36 

Tussock  moth,  white-marked,  description,  evidences,  habits,  and 

control 1169  41-43 

Twig  girdlers,  description,  habits,  and  control 1169  71-72 

Twig-pruner,  maple  and  oak,  description,  habits,  and  control 1169  70-71 

Tympanitis,  sheep,  cause  and  symptoms 1155  28-29 

Uremia,  sheep,  cause,  symptoms,  and  treatment 1155  32 

Urine,  bloody,  sheep,  cause  and  treatment 1155  31 

Utah— 

fur-bearing  animals,  laws,  1920 1165  22 

sugar-beet  seed  growing 1152  8-21 

67252—21 4 
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Vaccines,  use  in  aheep  diseases U55|      '^g  |-. 

Variola  ovina,  nature,  cause,  and  prevention. 1155  17 

Vegetables,  fermentation,  principles  and  directions 1159  5-6, 15-17 

Velvet   beans,    fertilizing   constituents,    comparison    with    other 

legumes - 1153  2 

Venorvial  disease,  sheep.    See  Lip-and-leg  ulceration. 


Ventilation,  apples  in  storage,  importance  in  disease  control 116(K  .^  .>; 

Verbena,  description,  cultivation,  and  characteristics 1171    74-75,  S3 

Vermont — 

fur-bearing  animals,  laws,  1920. . , 1165  22-23 

wheat  acreage  and  production,  1914  1919,  and  varieties 1168  15,16 

Wilder  community  building,  description  and  plans 1173  15-16 

Vetch,  fe^^^lizin;?  constituents,  comparison  with  other  legumes 1153  22 

ViNALL,  IL  N.,  and  U.  E.  Getty,  bulletin  on ''Growing  and  utilizing 

sorghum-^  for  forage  " 1158  1-32 

Virginia  - 
creep^^^*-  - 

knowing  from  poison  ivy 1166  7-8 

0^1  urrence  anfl  distinctive  characters 1166  7-8 

fur-beiring  animals,  laws,  1920 1165  '23 

wheat  varieties  grown 1168  13,15 

Volutella/'i"'ti,  cause  of  spongy  dry-rot  of  apple 1160  17 

Walnut— 

caterj  i liar,  description,  habits,  and  control 1169  4f-47 

tree,  insect  injurious 1169  100 

Warty  lip.    See  Lip-and-leg  ulceration, 

Washington,  fur-bearing  animals,  laws,  1920 1165  23 

Wasps,  gall,  life  history  on  oak  tree,  and  control 1169  92-93 

Water  belly,  sheep,  cause,  symptoms  and  treatment 1155  W 

Water-core,  apple,  description,  cause,  and  varieties  susceptible 1160  10 

Waterproofing,  cotton  duck,  formulae  and  cost ? 1157  9-W 

Wax,  mineral,  source,  use  in  waterproofing  duck,  and  cost 1157  11-13 

Wel)worm,  fall,  evidence.^,  habits,  seasonal  history,  and  control 1109  40-41 

W'ebworm*',  control  on  seed  beets 1152  18 

Weevil,  fl^^     See  Moth,  Angoumois  grain. 
West  Virginia — 

Experiment  Station,  cowpea  hay  as  feed  for  lambs 1 153  16 

fur-b(^arin^  animals,  laws,  1920 1165  23-34 

wheat  varieties  grown , 1168  13,  lo 

Wet  land ,  seeding  to  alsike  clover,  advantages 11 51  18 

Wlieat— 

field  infe«?tatinn  by  Angoumois  grain  moth 1 156  7, 13-14 

growing  and  yield ,  Western  South  Dakota 1163  6-8, 11-13 

harvesting,  delay  cause  of  moth  infestation • 1156  14-15 

improvement  of  varieties 1168  Ifr-l' 

f     7  8,10. 

infestation  by  Angoumois  grain  moth,  and  losses 1156<  'i.vi5 

seed  selection  and  improvement  of  varieties 1168  16-17 

soft  red  winter,  varieties  adapted  to  different  States 1168  6-14 

thrasliing,  delay  cause  of  moth  infestation 1156  ^  l^ 

varieties,  grouped  by  characters 1168  17-15 

varieties  tesiing 11C8  4-S 

winter,  varieties  adapted  to  Eastern  United  States,  bulletin  by 

Clyde  E.  Leighty 1168  1-15 

yields  after  cowpeae 1153  - 

Wheats — 

hard  red  winter,  varieties  and  strains 1168  ^ 

soft  white  winter,  adaptations  to  different  States 1168  14-1^ 

White  scours,  lambs,  cause,  symptoms  and  treatment 1155  15 
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Willow—  No.  Page. 

borer,  mottled,  description,  habits,  and  control 1169  65^6 

lestf-beetles,  description,  and  control 1169  50-51 

eawfly,  description,  and  control 1169  51-52 

Wisconsin — 

{12  17 
21  23 

Como  community  house,  description  and  plans 1173  9 

fur-bearing  animals,  laws,  1920 1165  24 

Honey  Creek  community  house  description  and  plans 1173  11, 12 

Wood— 

aspen,  uses 1154  4 

poplar,  use  for  pulp  making 1154  4 

Wooden  tongue,  sheep,  cause  and  treatment 1155  17 

Wool  eating,  habit,  sheep,  cause,  symptoms  and  treatment 1555  21 

Wool  grease,  source,  use  in  waterproofing  duck,  and  cost 1171  11-13 

Woolaorter's  disease.    See  Anthrax. 

Wormr— 

carpenter,  description,  habits,  and  control 1169  69-70 

maple,  green-striped,  description,  habits,  and  control .'. 1169  44-46 

Wyoming — 

fur-bearipg  animals,  laws,  1920 1165  24-25 

proso  growing,  notes 1162  4, 6, 10 

Xylotrechus  ohliteratuSy  injiuy  to  aspen  trees 1154  10 

Yellows,  sheep,  cause,  symptoms  and  treatment 1155  18 

Youth-and-ola-age,  description  and  Rowing 1171    37-39, 83 

Yukon,  fur-bearing  animals,  laws,  1920 1165  29-30 

Zeuzera  vgrina,  description,  habits,  and  control 1169  66-69 

Zfinnia,  description,  cultivation,  and  characteristics 1171    37-39, 83 
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